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Preface

This volume constitutes the proceedings of the 14th International Conference on
Interactive Digital Storytelling (ICIDS 2021). ICIDS is the premier conference for
researchers and practitioners concerned with studying digital interactive forms of
narrative from a variety of perspectives, including theoretical, technological, and
applied design lenses. The annual conference is an interdisciplinary gathering that
combines technology-focused approaches with humanities-inspired theoretical inquiry,
empirical research, and artistic expression.

This year’s conference was built around the central theme of “Interconnectedness
and Social Impact”. This theme was intended both to reflect the ways in which we are
increasingly interconnected with each other and with the world around us, and the ways
in which the challenges of recent years are forcing us to find ways to reconnect as we
are increasingly in danger of becoming disconnected. We hoped that this theme would
help us to explore the ways in which Interactive Digital Narrative, as an academic
discipline, represents an interconnection of multiple fields of study while at the same
time is developing into a unique, independent discipline, with its own methods,
approaches, and rich history. Finally, in the spirit of acknowledging the intercon-
nectedness of our actions with the world around us, we hoped that this theme would
encourage a reflection on the ways in which our research and practice can provide
positive social impact.

These proceedings represent the latest work from a wide range of researchers, with
representation from around the world. Authors of submitted papers represent 29 dif-
ferent countries, with a similar range of representation in terms of the Program
Committee. The program was divided into four main areas: Narrative Systems (cov-
ering technological research from narrative Al to authoring tools), Interactive Narrative
Theory (exploring topics such as narratological models, literary approaches, aesthetics,
and critical readings), Interactive Narrative Impact and Applications (describing the
impact of interactive narrative on society, ethical, moral, social, and policy issues, and
novel applications), and Interactive Narrative Research Discipline and Contemporary
Practice (presenting new philosophies and methodologies for research and teaching).

Although ICIDS 2021 was hosted at Tallinn University, Estonia, due to the ongoing
COVID-19 pandemic, the conference was organized as a hybrid event, with partici-
pants either attending on-site or joining the conference remotely through a number of
different online platforms. Care was taken to ensure that all aspects of the program,
from the workshops and paper sessions through to the posters, demos, and art exhi-
bition, were equally accessible to those who were attending physically and virtually.

This year, we received 99 paper submissions (71 full papers, 20 short papers, and 8
posters/demos). Following the review process, the Program Committee accepted 18 full
papers, 17 short papers, and 17 posters/demos, including full or short papers which
were resubmitted in the short paper or the poster/demo category. The acceptance rate
for full papers was 25.35%.
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As part of our ongoing efforts to improve the review process, some changes were
made this year. As in the past, the review process was strictly double-blind, used a
structured and detailed review form, and included an extended discussion phase
between the reviewers, steered by our area chairs, to attempt to build a consensus
opinion. A minimum of three reviews per paper were requested before the decision,
with additional reviews solicited on the recommendations of reviewers, or in the light
of their discussions. In addition, we included a rebuttal phase, and final decisions were
made at a virtual program chairs meeting, which included all the area chairs. We
believe that including a virtual program chair meeting as part of the process helps to
improve the transparency of the review process. We welcome feedback from both the
authors and reviewers to help us continue to refine and strengthen the way that we run
the conference. We want to thank our area chairs for their hard work and participation
in the meta-reviews process: Ben Samuel, Boyang “Albert” Li, Frank Nack, Ruth
Aylett, Vincenzo Lombardo, Cristina Sylla, Christian Roth, and Lissa
Holloway-Attaway.

Finally we want to thank the members of the ICIDS community who have served as
reviewers this year, particularly given the ongoing difficult and changing circumstances
around the world. The commitment of our reviewers to provide high-quality reviews
and constructive and insightful discussions is a credit to our community, and helps to
maintain the rigour and integrity of our ongoing development of this exciting and
growing field.

December 2021 Alex Mitchell
Mirjam Vosmeer



ARDIN, the Association for Research in Digital Interactive
Narratives

ARDIN’s purpose is to support research in Interactive Digital Narratives (IDN), in a
wide range of forms, be that video and computer games, interactive documentaries and
fiction, journalistic interactives, art projects, educational titles, transmedia, virtual
reality and augmented reality titles, or any emerging novel forms of IDN.

ARDIN provides a home for an interdisciplinary community and for various
activities that connect, support, grow, and validate said community. The long-term
vision for the suite of activities hosted by ARDIN includes membership services such
as a community platform, newsletters, job postings, and support for local gatherings,
but also conferences, publication opportunities, research fellowships, and
academic/professional awards. ARDIN holds monthly online socials, where both
established researchers and graduate students share their ongoing work in an informal
setting. There are also several committees and task forces, which are listed on the
following page.

ICIDS is the main academic conference of ARDIN. Additional international and
local conferences are welcome to join the organization. The Zip-Scene conference,
focused on eastern Europe, is the first associated conference.

Diversity is important to ARDIN. The organization will strive towards gender balance
and the representation of different people from different origins. Diversity also means to
represent scholars at different levels of their careers.

No ARDIN member shall discriminate against any other ARDIN member or others
outside of the organization in any way, including but not limited to gender, nationality,
race, religion, sexuality, or ability. Discrimination against these principles will not be
tolerated and membership in ARDIN can be withdrawn based on evidence of such
behavior.

The association is incorporated as a legal entity in Amsterdam, the Netherlands. First
proposed during the ICIDS 2017 conference in Madeira, Portugal, the association was
officially announced at ICIDS 2018 in Dublin, Ireland. During its foundational year,
members of the former ICIDS Steering Committee continued to serve as the ARDIN
board as approved by the first general assembly at ICIDS 2018. The current board
structure and membership were approved at the second general assembly at ICIDS
2019 in Utah, USA, and as of October 2021 ARDIN has more than 190 members.

More information about ARDIN can be found at https:/ardin.online/. ARDIN is
also on Facebook https://www.facebook.com/ARDINassociation, Twitter @ ARDIN_
online, and Discord https://discord.gg/iNg5b5dWP4.

Committees

Diversity and Inclusion committee — chaired by Theresa (Tess) Tanenbaum and
including Rebecca Rouse. This committee will work to further inclusivity and equity


https://ardin.online/
https://www.facebook.com/ARDINassociation
https://discord.gg/jNg5b5dWP4

viii ARDIN, the Association for Research in Digital Interactive Narratives

within our community and the discipline at large. Projects to tackle will be determined
by a needs assessment of the community members, but one initiative already underway
focuses on trans-inclusive publishing practices in terms of facilitating author name
changes. Please reach out to Tess directly if you are interested in working together
(tess.tanen at gmail.com). Come join us and let’s make a difference together!

Graduate Research committee — led by Sarah Brown. This task force puts a focus on

research by graduate students (Masters and PhD) to further exchange, provide support,
and offer a forum for early career researchers. Contact Sarah Brown to join the
committee (sarah.brown at ufl.edu).
Promotion and Advancement committee — led by Hartmut Koenitz and Josh Fisher and
including Luis Bruni and Colette Daiute. The aim of this committee is to create a tenure
equivalency document and recruit a team of expert reviewers for tenure and
examination. Those interested should reach out to Hartmut Koenitz (hkoenitz at
gmail.com).

IDN in Education committee — led by Jonathon Barbara. This committee will be
looking into how IDN can become a part of school (K-12) curricula and will be
producing a white paper with recommendations. Students are also welcome to join as
task force members! Those interested should reach out to Jonathon Barbara (barbaraj at
tcd.ie).

Task Forces

Task Force on Inclusive Pricing Structure — led by Agnes Bakk. This task force will be
looking into how to adjust registration for membership and conference registration
according to GDP. Those interested should reach out to Agnes Bakk (bakk at mome.
hu).

Task Force on ARDIN Outreach — led by Maria Cecilia Reyes. Aims of this task
force are to create awareness about Interactive Digital Narratives and around ARDIN,
and to build partnerships with industry, art, and educational institutions, among other
key stakeholders. Contact Maria Cecilia Reyes (mariaceciliareyesr at gmail.com) for
further information.
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Who Am I that Acts? The Use of Voice in Virtual
Reality Interactive Narratives

Jonathan Barbara!2® @ and Mads Haahr?

1 Saint Martin’s Institute of Higher Education, Hamrun, Malta
jbarbara@stmartins.edu
2 School of Computer Science and Statistics, Trinity College Dublin, Dublin, Ireland
haahrm@tcd.ie

Abstract. Self-identification is a key factor for the immersion of the VR
interactive narrative player. Diegetic non-protagonist narrators, touched-up het-
erodiegetic narrations with internal focalization, and casting the playerin a ‘virtual
sidekick’ role are suggested by the literature to support self-identification. This
paper analyses the use of second-person voice and level of interactivity in two
VR productions. In one, minimal use of the second person to address the player
and negligible agency results in limited telepresence in a 360-video VR tour of a
concentration camp accompanying a Holocaust survivor. In the second, use of a
touched-up heterodiegetic narration with internal focalization heightens immer-
sion levels but self-identification of the player as sidekick suffers as the narrative’s
forward drive shifts between narrator, protagonist and antagonist. Future empiri-
cal work should explore the impact of second-person voice and interaction on the
resultant self-identification and immersion.

Keywords: Virtual reality - Second-person - Immersion - Interactive narrative

1 Introduction

While visual discrimination between non-diegetic user interfaces and diegetic elements
of a virtual world seen through a Virtual Reality (VR) headset is aided by depth per-
ception, the aural dimension presents a challenge for the player to assess whether a
sound is diegetic or not. Building on Bernstein’s [1] analysis of audio in terms of what
information sounds provide the player, Ekman classifies sounds in relationship to the
diegesis of their referent as ‘the thing being told by the sound’ [2]. She presents two
approaches to such an assessment: (i) whether its apparent source is itself diegetic; or
(i) whether the non-player inhabitants of the virtual world react to the sound. Both
approaches are dependent on a non-guaranteed relationship between the sound and its
potential source’s visual representation or lack thereof. The ambiguity is compounded
by the layers of information carried by audio signals: frequency, timbre, and semantics
[3] and its exaggerated use to compensate for visual shortcomings [4] such as the use of
the ‘menacing zombie drone for brains’ [5] in Zombies, Run! [6].
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These multiple levels of aurally delivered meanings offer a challenge of understand-
ing to the listener as they acclimatize and give meaning to the virtual space. Due to
sound’s higher reflective nature compared to light, we often hear objects before they
become visible, causing players to speculate and build expectations as to what is to
come [5]. This behavior is re-enforced in films where, when an off-screen sound calls
for attention, the shot cuts to reveal the source of the sound [7]. Should these expectations
fail to manifest themselves, such as when a voice is heard by the player but no speaker
is seen or no reactions to it come from diegetic characters, the player’s understanding
of the virtual space is challenged, undermining narrative engagement [8]. Following
Ekman [2], this disembodied voice is thus perceived to be non-diegetic, which nega-
tively influences the VR player’s immersion, as they are reminded of their non-diegetic
existence. Embodied speech, on the other hand, supports the player’s (tele)presence,
especially through the use of the second-person ‘you’ which helps create the feeling
of being addressed through aesthetic-reflexive involvement [9] and thus present in the
virtual world, which in turn increases immersion [10-12].

Given the ambiguous diegetic nature of sound and its influence on presence as immer-
sion [13], the aim of this paper is to explore the role of disembodied voice in VR inter-
active narratives and its effect on presence through self-identification. To this end, we
begin with voice as disembodied speech in VR: ‘“Who speaks?” We then shift to the
VR player’s voice: “Who am I that speaks?’ and interaction: “Who am I that acts?” Two
close readings of VR interactive narratives explore different implementations of voice
and perspective, and a consideration of the elicited self-identification is used to compare
its effect between the different uses. Subsequently, the concepts touched upon in the first
part of the study are considered in the context of these two experiences.

2 Voice in Narratives: Who Speaks?

In his essay on Narrative Discourse, Genette [14] uses Vendryes’s definition of voice as
used in his Traité d’accentuation grecque (Treaty of Greek Accentuation): “the mode of
action of the verb considered for its relation to the subject” ([15] as cited in [14]). Thus,
voice determines “who speaks?”” where the subject of the action includes the narrator and
the narratee(s). In the context of fiction, the narrator is a fictional character invented by
the author, thereby separating the act of narration from the author’s writing and indeed
from the author being in the narrative [14]. This frees the author from narrating in the
diegetic first-person (homodiegetic narration), and gives the option to narrate in the non-
diegetic third-person (heterodiegetic narration) [14], which in turn results in new options
for narrating the protagonist’s experience of the plot: as the protagonist (autodiegetic
narrator), as a non-protagonist character diegetic to the story (homodiegetic narrator),
or as a non-diegetic, unrepresented, character (heterodiegetic narrator).

Aare [16] clearly distinguishes between the voice (who speaks) and the perspective
(who sees). Genette categorises perspective into three forms: (i) in Internal focalization,
knowledge is bound to one character, usually the protagonist-narrator; (ii) in External
focalization, knowledge about the protagonist is limited to a third-person’s perspective;
and (iii) in Non-focalization, the knowledge would not be limited to the perspective of a
single character. This could suggest the existence of a non-diegetic implied author [14]
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or an impersonal voice of the narrative, linked to no one character in particular [17] and
comparable to a third-person heterodiegetic narration.

Narration has been an important counterpart to mimesis in theatre [18] when, in
prologues and epilogues, the presence of narrators on stage present a prolepsis (what is
yet to be mimetically shown) and, in some non-Western drama, such as Japanese plays,
the importance of the narrator is as much as that of the main characters in terms of lines
and time on stage. In games, prologues find their equivalent in tutorial missions. Due to
their interactive nature, games most often use tutorials to guide the player-narratees in
their participation of the narration through their gameplay. Such players are addressed
using voices whose diegesis depends on the game’s genre. Non-diegetic narration serves
to direct the mimetic gameplay, giving motivation and justification for the player’s in-
game actions, similar to ‘generative narrators,” whose narration instantiates action [18].
Diegetic voice, situated inside the virtual environment via spatialisation effects and the
Barthesian concept of ‘voice grain’ to assist in matching the aural dimension with the
visual representation of the source, needs to be loaded with emotional semantics in order
to help deliver the narrative and cohere it with the gameplay [4].

3 “Who Am I that Speaks?”’ in Virtual Reality

VR marries theatrical mimetic performance with gameplay as, rather than pushing keys
or buttons, the player virtually embodies the action-triggering performance. The ques-
tion “Who speaks?” is pertinent to the VR player who, sensorially immersed in the
virtual world, will attempt to seek out a diegetic owner of the voice and understand the
perspective and focalisation of this voice. A non-focalised owner would have access to
information beyond one’s knowledge which may confuse the player and lessen realism.
Non-diegesis, or even trans-diegesis, would lessen the VR player’s immersion, because
they are reminded of their physical self’s role as an external audience. Diegetic voices
presenting an external focalisation, on the other hand, would represent a realistic char-
acter’s perspective and thus heighten immersion [19]. Once the characters behind the
voices around the player and their nature are identified and, especially, when addressed
directly by these characters, the next question for the player is self-identification: ‘who
am [ that speaks?’ or rather, due to the affordable strong literal interaction [20] of VR,
‘who am I that acts?” What is the player’s avatar’s relationship to those around them in
the virtual world? How are they expected to behave?

3.1 Second Person Voice and Self-identification in VR

When the audience is addressed in the second person ‘you’ in a narrative, their presence
in the virtual space is acknowledged and reaffirmed [21], whether they have no visible
impact upon the narrative or its space, or they are given a role as co-creators [22],
giving them a share in the responsibility of decision-making [23]. In digital interactive
experiences such as first-person perspective games and interactive documentaries (i-
docs), this responsibility demands knowledge of who they are relative to the storyworld
and the characters within it. Following Bell and Ensslin [21], answering the question ‘who
am I that acts?’ in VR demands sensitivity to media-specific affordances, specifically
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having the player entering the virtual world through the aural and visual senses of a
virtual character diegetic to the storyworld and demanding an interactive role in the
virtual space. So, who could this character be?

In traditional narratives (e.g., novels or films) the narratee may identify as: (1) the
narrator, who may or may not be the protagonist of the story; (2) the protagonist of a
story, told by a third-party narrator; or (3) an onlooker to a protagonist’s story, narrated
by the protagonist or a third party [24]. These identities are now considered in a VR
context:

The first identity has the player identify as the narrator by assigning a voice to the
player’s avatar that mismatches the player’s own voice breaks immersion [25], and thus
using the player’s own voice for commands or reading out choices may be considered
instead, as used successfully in the game In Verbis Virtus [26]. Using the player’s own
voice would allow us to address the original question, ‘who am I that speaks?’ and would
also help further immerse the player through ‘ludonarrative consonance’ by matching
voice with action [4]. Higher presence can be achieved if the voice is augmented with
real-time echoes to model the spatialisation effects of the virtual space being inhabited.
Such effects suggest that the source of the sound is diegetically situated in the virtual
space, and since the source of that sound is the player him/herself, then this supports the
experience of telepresence [27].

The second identity has the player identify as the protagonist [28], which is akin to
the use of second-person voice in Choose Your Own Adventure (CYOA) books, where
players have a say in the narration of the story through the interaction afforded by the
narrative device. The reader is addressed with a “you” as the main protagonist within
the narrative (intradiegetic narration) but also as the decision-maker in charge of the
non-diegetic interaction (extradiegetic narration), causing the narratee to shift alternately
between the two [24]. Interactive Fiction, offline text adventure games, Multiuser Dun-
geons (MUDs), and their object-oriented variations (MOOs), as digital adaptations of
CYOA books, also employ second-person voice as they address the player in the role
of a character — the same player who writes textual commands to guide the narrative in
their role as co-author [25]. In the case of the digital game The Stanley Parable [29], the
player’s actions cause Stanley to behave differently from the narrator’s description, as
the role of the player from narratee to protagonist slowly reveals itself to the narrator.

In the context of VR interactive narratives, however, having the player inhabit the
avatar’s visual and aural senses may minimise the separation between intradiegetic and
extradiegetic narration by embedding their interaction into their diegetic agency and
may thus augment their feeling of presence in the interactive narrative’s storyworld.
This may cause tension between the authorial control of the narrative and the agency
provided to the player, known as ‘ludonarrative dissonance’ [30]. For the third identity
of the player as an onlooker, Larsen [31] suggests a solution in the use of second-person
point-of-view that allows viewers to participate as sidekicks (diegetic observers) to the
protagonist without the ability to modify the narrative structure. This solution lets the
audience tackle side quests alongside the main narrative, while still allowing the main
narrative to progress resolutely, irrespective of player action. Larsen’s approach also
suggests a preference for non-protagonist roles of the VR player in order to support
‘ludonarrative consonance’. Thus, the character may be a bystander who perceives the
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protagonist as Other, as they suffer the narrative (narrateezprotagonist). Whether the
audience are passive observers or active sidekicks will depend on the agency afforded
to the player [31].

4 Case Studies

We now consider the use of voice in a close reading of two VR documentaries. Both are
situated during World War II, but our interest is in their use of voice, rather than their
setting or subject matter. Both case studies project the viewer as a non-protagonist non-
narrating character, but they use second-person voice differently and provoke different
levels of self-identification through the provided agency.

4.1 Case Study #1: The Last Goodbye (2017)

Pinchas Gutter is an 89-year-old Polish Jew who survived the concentration camps
of Nazi Germany. A series of interviews were held with Gutter in order to capture
his memories and give evidence of the Holocaust atrocities perpetuated against the
Jewish communities in Europe. There were four recorded narrations of Gutter about his
experiences: two video interviews held during the 1990s, a collection of video-recorded
replies used for an interactive interview [32] and a voice-over for the first ever Holocaust
VR film entitled The Last Goodbye [33], in which the player accompanies Gutter on a
visit to the Majdanek concentration camp through a 360 camera. The visit is narrated
by Gutter: as a guide explaining the function of the place and his memories of it and
as a voice-over in the opening and closing scenes, as well as during the visit to the
crematorium, which brings him back memories that are too emotional for him to revisit.
While he never addresses the player with an absolute “you”, he often acknowledges
the player’s virtual presence by breaking the fourth wall and looking at the camera, rather
than at the objects he is describing. The effect is to help the player focus on the subject.
The experience offers no interaction with the objects except for room-scale movement
and observation, which sometimes leads to the ‘Swayze effect’ [25]. The illusion of
presence is further broken by the penultimate scene when the camera drone’s shadow,
cast on the grass as we accompany Gutter, is revealed by the sun. The single use of a
derivative of “you” is left until the final scene. We are beside Gutter, who is seated on a
bench. A young boy, possibly Gutter’s nephew, comes along on a scooter and talks with
him inaudibly. The boy goes away on his scooter and Gutter, in a voice-over narration,
tells us that he expects better times for all of us in the future: “not in my lifetime, but
maybe in yours...” Our unacknowledged, intangible presence as Gutter looks away, the
very recent presence of the young boy, and the suggestion that we are listening to his
thoughts through the use of voice-over rather than being addressed directly, makes us
wonder whose future Gutter was referring to: the implied player’s or the young boy’s.

4.2 Case Study #2: The Book of Distance (2020)

Randall Okita is the nephew of Yonezo Okita, a Japanese immigrant to pre-W W2 Canada
who left behind his family in Hiroshima to seek a new life amongst other Japanese
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immigrants. Randall serves as the embodied narrator who takes the VR player along
an imagined journey of his grandfather Yonezo in the VR short documentary' entitled
The Book of Distance [34]. In the experience, Yonezo is presented through original pho-
tographs, digitized and made virtually available for picking up for close-up inspection,
during which Randall’s voice explains who is who in the photos. A game of horse-
shoes — which serves as a connection between Yonezo and his nephew as evidenced by
one of the photos — is presented to the player as an ice-breaker into the interactive narra-
tive, empowering the player with agency and bringing out Randall’s character. Playing
on the lack of ambient light, Randall often moves off into the shadows, shifting the
player’s attention to the unfolding story that his off-screen voice narrates. Members of
Yonezo’s family, such as Randall’s father, are presented through their Japanese cartoon
representation as well as the playback of recorded vocal interactions. Yonezo’s family
in Hiroshima, including his younger sister, are presented through animated coloured
silhouettes but are not given a voice, reflecting the narrator’s lack of familiarity with
them.

Throughout the first part of the experience, the player acts as a sidekick to Randall’s
grandfather, helping him pack his clothes and photographic camera into his luggage for
his voyage to Canada, responding to his family and future wife’s waving whilst on the
ship, having his passport stamped at the Canadian customs, taking photos of his house-
building activities, giving a hand in clearing up the land, building the house, sowing
the strawberries and serving them at the dinner table. All this ends abruptly as World
War II starts and Yonezo’s family are taken away by Canadian military to an internment
camp for the Japanese. All their possessions are taken away: the camera, the house, the
strawberry business, and likewise the player’s narrative agency is greatly reduced.

Yonezo eventually returned to freedom, but it was hard earned and he never spoke
about it to his nephew. Randall’s lack of familiarity with this part of the story is reflected
in the narrative’s shift of focus away from the grandfather onto the father, and in the
player’s lack of agency, distancing them from the storyworld. The photographic camera
is back in post-war Yonezo’s hands as he takes photos of his growing children, photos
that the player had seen at the beginning of the story. These are now brought back to
the player’s scrutiny with the addition of more recent, colourful photos of the grown
characters. The story ends with the player looking through photos of Randall’s father’s
childhood while, in the background, Randall discusses them with his father, seeking to
further understand the last years of his grandfather’s life in Canada.

5 Discussion

The two case studies provide contrasting examples of the use of second-person voice and
its effect on self-identification from the viewer’s behalf. With respect to the Holocaust
VR film The Last Goodbye, Zalewska [33] reports that the subject of the VR film is the
player’s experience of the Majdanek camp rather than that of Gutter’s. Doubts are also
cast on the perceived fidelity of the experience due to the scripted narration making the
experience more of a documentary than a testimony. While Gutter imparts his painful

1 https://www.youtube.com/watch?v=b9DDoeeQq6g.
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experience of the concentration camp and his turmoil in remembering nothing about his
twin sister except her golden braid, there is no requirement or incentive for the player
to identify themselves with Gutter or with any other relevant character. The player is
offered no meaningful agency except linear narrative progression. Thus while it is clear
that Gutter is the one ‘who speaks’, there is no self-identification for the player.

The Book of Distance tackles the VR player’s self-identity very differently. The
player is immediately given agency through a book presented in front of them with
instructions to turn the page — reminiscent of CYOA books. From the beginning, the
player is addressed with the second-person voice: “To You, the Time Traveller” and,
as soon as Randall (the narrator) makes an entrance, he addresses the player directly,
teaching them how to throw the horseshoe. This second-person address of the player
continues throughout the journey of discovery, with the narrator’s voice (who speaks?)
embodied by Randall’s character explicitly represented in the scene or implied to be
hiding in the shadows around the player.

The Book of Distance makes use of mechanics and structures frequently used in
games and traditional films, even though the experience itself is neither. The empower-
ment of the player’s agency and its subsequent reduction is a common technique used
to challenge the player by limiting his/her skills. In The Book of Distance, however, the
effect is not a feeling of increased challenge but a sense of loss of freedom, of identity. It
starts with a prologue where modern-day Randall presents his grandfather, whose story
we explore together throughout the rest of the experience, until we reunite with his father
for the story’s epilogue. We are then told exactly how Randall knows of his grandfa-
ther’s life: through the photos, his father’s testimony, and the letters received from the
Canadian government, to name a few. The experience uses touched-up heterodiegetic
narration, attempting an internal focalisation as the nephew tries his best to understand
his grandfather’s experience of his life as a Japanese immigrant in war-time Canada.

Self-identification suffers, however, as the actual role of the VR player is indetermi-
nate. Observation of Randall’s exploration of his grandfather’s story through his photo
album evolves into active participation as he starts recounting his grandfather’s story. As
players, we become active sidekicks to the grandfather, helping him paint, write letters,
prepare the luggage for his voyage to Canada, and making him aware of his family
waving him off. But as the experience progresses, it is not clear whose sidekicks we
are: Randall’s or his grandfather’s. As we help the latter build his house, sow his fields,
serve the strawberries on the table, the question begs to be asked: who am I that acts? A
friend of the family perhaps? This becomes even less clear when, as Yonezo is separated
from his family and taken away to a field, it is the player who gets to raise the lever
that traps the Japanese farmer inside the internment camp. Are we now sidekicks of
the Canadian government? It appears to be impossible to reconcile these three different
roles: chronologically separate sidekicks to the nephew and to the grandpa and morally
separate sidekicks to the grandpa and to the Canadian military, and it raises the ques-
tion: Whose side is the sidekick on? As a result, the player identifies with none of these
diegetic roles, but instead the experience constructs a non-diegetic player role whose
responsibility is to push the narrative forward. By not sticking to a specific persona, the
virtual character that is embodied becomes transient across time and actions, such that
the question, ‘who am I that acts’, does not resolve to a specific characterisation, leaving
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the player with themselves as enactors of the experience. This was a design choice with
the player only identifying themselves as ‘a part of the story’ [34].

Thus, neither of the two experiences manages to successfully assist in self-
identification. The Last Goodbye, through its limited agency and non-address of the
player only serves to inform of the terrible loss of Pinchas Gutter at the hands of the Nazi
regime. The Book of Distance makes it a point to continuously address the player and to
provide agency that serves LudoNarrative Coherence as the gameplay contributes to the
progression of the narrative while the empowerment and reduction of agency progresses
with the narrative. However, as the experience follows a prologue/interlude/epilogue
structure pertinent to theatre and film, the diegetic identity of the player transcends time,
and the fruitful agency of the player’s character places them on the same diegetic space
as the younger grandfather and his family to which the nephew seems to have no access,
except as an observer. The already fragile link between the two trans-chronological per-
sonas is further disconnected with the entrapment action that results in Yonezo Okita’s
confinement in the internment camp, the character’s body language showing as much
disbelief at the player’s traitorous act as his introvert self could afford.

6 Conclusion

Providing enough information to allow the VR player to self-identify is an important
factor in their immersion into a virtual world. Narrative theory on fiction and Genettian
focalization identify possible relationships between the narrator, the protagonist and the
narratee, helping the VR player to answer the question, “Who am I that acts?” Having
the VR player as a ‘virtual sidekick’ [31], acknowledged and addressed by the diegetic
characters, facilitates self-identification and improves immersion.

Both case studies underserve self-identification. The Last Goodbye does not address
the player, resulting in reduced telepresence and minimal self-identification, while The
Book of Distance, while empowering the player through meaningful agency, leaves
self-identification vague as the narrative is driven forward by different characters.

In the light of the above, future work can improve upon the work by Vosmeer et al.
[25] and explore any causal relationships that the combined use of second-person voice
to address the VR player and the afforded interactivity may have on self-identification.
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Abstract. A narrative world (NW) is an environment which supports
enacting a given story. Manually creating virtual NWs (e.g. for games
and films) requires considerable creative and technical skills, in addi-
tion to a deep understanding of the story in question. Procedural gen-
eration methods, in turn, generally lack in creativity and have a hard
time coping with the numerous degrees of freedom left open by a story.
In contrast, mixed-initiative approaches offer a promising path to solve
this tension. We propose a mixed-initiative approach assisting an NW
designer in choosing plausible entities for the locations, where the story
takes place. Our approach is based on a recommender method that uses
common and novel associations to narrative locations, actions and enti-
ties. Our method builds upon a large dataset of co-occurrences of disam-
biguated terms that we retrieved from photo captions. Building on this
knowledge, our solution deploys entity (un)relatedness, offers clusters of
semantically and contextually related entities, and highlights novelty of
recommended content, thus effectively supporting the designer’s creative
task, while helping to stay consistent with the story. We demonstrate our
method via an interactive prototype called TALEFORGE. Designers can
obtain meaningful entity suggestions for their NWs, which enables guided
exploration, while preserving creative freedom. We present an example
of the interactive workflow of our method, and illustrate its usefulness.

Keywords: Narrative world - Recommender method - Authoring
tool - Mixed initiative -+ Synset vectors

1 Introduction

Narrative Worlds (NW) are environments designed to support enacting a given
story [2]. In the fast-paced industry of games and films, NWs are becoming
more realistic and complex in nature. NW designers need new techniques and
workflows to rapidly explore their creative ideas while preserving story consis-
tency and integrity. Tools such as the game engines Unity or Unreal Engine have
become increasingly popular for the creation of virtual worlds in form of game
levels or virtual film production. Yet, these tools lack any narrative understand-
ing and leave designers with full creative responsibility.
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Procedural content generation (PCG) techniques support designers in
automating the generation of specific types of content [29]. PCG methods often
involve a trial and error process due to their stochastic nature, and their frequent
lack of intuitive control [1]. Also, most PCG methods fail to accurately capture
the creative intent of a designer, as well as to properly combine and harmonize
their generative process with other types of content [14], e.g., a story. In con-
trast, mized-initiative approaches have proven to support designer creativity in
different domains [7]. Mixed-initiative methods combine the strengths of PCG
approaches with the input of a human designer, often in an iterative process.
Thus, rather than randomly generating content, mixed-initiative methods try
to adapt to the creative intent and methodology of a designer, following their
chosen directions, preferences and choices.

Due to the complexity of NWs and their strong dependency on a story, a
mixed-initiative approach can use both the story and choices of a designer to
provide suggestions throughout the creation process. In this paper, we propose
a mixed-initiative approach to assist a designer in choosing appropriate entities
for an NW. Our approach is based on a recommender method that uses the story
and designer guidance to suggest entities based on learned real-world associa-
tions. Our method takes into account narrative locations and actions as well as
additional entities chosen by the designer.

At its core, our method relies on an embedding of synset vectors. A synset
is a set of synonyms that share a common meaning. The embedding encodes
their contextual associations. This representation is similar to word vectors but
instead of using words, we use previously disambiguated terms annotated with
synsets from WORDNET!. We learned these synset vectors by extracting the
co-occurrences of synsets found in photo captions obtained from Shutterstock
and by using the unsupervised learning algorithm GLOVE [20]. A vector repre-
sentation allows us to perform several operations such as relatedness/similarity
search, vector negation for unrelatedness and hierarchical clustering. In addi-
tion, a synset representation allow us to take advantage of WORDNET’s seman-
tic knowledge for categorization and highlighting novelty over the recommended
content. With our solution TALEFORGE, designers can easily populate NWs with
relevant entities with little effort, while maintaining creative control.

2 Related Work

In this section, we examine mixed-initiative approaches, as well as strategies to
encode contextual associations, as they form the basis of our solution.

Mixed-Initiative Content Creation. A mixed-initiative approach is based
on a human-computer collaboration paradigm; a creative dialogue to co-create
content [7,27,34]. SKETCHAWORLD facilitates non-technical users to create com-
plete 3D worlds through the integration of procedural techniques [30]. TANA-
GRA uses human-computer collaboration to produce levels of a 2D platformer

! WORDNET is an open lexical database of synsets, wordnet.princeton.edu.
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by respecting user-specified constraints [31]. SENTIENT SKETCHBOOK assists in
the creation of maps for strategy or roguelike games by providing suggestions to
a designer and improving upon their choices with novelty search [15]. ROPossum
helps users to create and test puzzle levels by using grammatical evolution [26].
Linden et al. generate dungeons that fulfill high-level designer-specified gameplay
requirements [16].

Other work has focused on mixed-initiative story authoring. WIDE RULED is
an interactive interface that generates stories based on author’s specified story
world and goals [28]. WRITINGBUDDY aims to help authors with the generation
of story beats and actions by using the social simulation engine ENSEMBLE
[24]. TALEBOX is a game that supports players to collaboratively create stories
[5]. Tt uses GLUNET, a semantic knowledge base that integrates several lexical
databases for commonsense reasoning of narratives [12].

Only little work has focused on using a story as a basis for assisting an NW
designer [13], and no solution has examined our goal: suggesting and supporting
the exploration of suitable entities for an NW. GAMEFORGE is a PCG method
that helps a designer to create NWs for computer role-playing games by using a
genetic algorithm that balances story requirements, designer control and player
preferences [10]. The designer controls the algorithm by setting adjacency proba-
bilities between narrative locations. SCRIPTV1Z assists writers by executing their
screenplays in real time with computer graphics [17]. It conveys a scene, with a
location, camera position, characters and their poses.

Word Vectors for Contextual Associations. Hand-crafted semantic knowl-
edge has been extensively used for expanding story-world domains [21,22]. In this
paper, we extract semantic knowledge from automatically learned contextual
associations among locations, objects and actions described in photo captions,
which allows us to support a designer in their task of choosing NW content. For-
tunately, word vector models have been effectively used for learning these asso-
ciations. OBJ-GLOVE bridged language and vision by learning word vectors for
common visual objects [33]. VIC0 learned visual co-occurrences between objects
and attributes in annotated photos [9] and vis-w2v learned co-occurrences of
visual cues (e.g., objects, actions) from abstract scenes [11]. In addition, some
models provide novel associations due to their ability to capture high-order rela-
tions (e.g., frisbee related to ball, due to frisbee to dog and dog to ball) [25].

3 Mixed-Initiative Approach

In this section, we describe the basis of our mixed-initiative approach, as well as
its interactive workflow, both illustrated in Fig. 1.

First, assume that an NW designer has a working space (e.g., game engine
or level editor) that allows to create virtual locations for an NW; we refer to
this as NW canvas. We improve the designer’s workflow with a recommender
method, which also supports exploration. Our method suggests plausible enti-
ties for an NW based on common and novel associations to narrative locations,
actions and other entities. Similar to a screenplay, the designer first selects a
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Fig.1. A proposed interactive workflow for our mixed-initiative approach. We arbi-
trarily chose the steps shown in this illustration.

particular scene of the story and an NW canvas is shown with the location’s
layout of the scene; the recommender then suggests entities associated only to
the location. The designer iteratively adds, removes and arranges entities by
exploring recommendations or searching for specific content. The designer walks
through each plot point or selects entities to further guide the recommender. At
this point, the recommendations are based on the location, action and selected
entities. The designer can select additional features to guide the exploration pro-
cess. In the following subsections, we describe in detail the main components of
our approach.

3.1 Story Elements, Structure and Representation

Our approach focuses on representing the lexical elements (terms in a vocabu-
lary) and structure of a story. In a broad sense, a story can be seen as a sequence
of events involving particular entities and their relations. We use the concept of
entity to refer to the lexical and physical elements specified in the story and exist-
ing in the NW. An entity can be abstract (e.g., love) or concrete (e.g., desk).
In addition, we adopted the hierarchy of two basic elements of a screenplay:
scene and action. A scene is a story unit describing the particular location and
sequence of actions at a specific time. A location refers to the particular space of
the scene; it can be the interior or exterior of a room (e.g., bedroom), natural
area (e.g., lake), or other. The time describes the point of the day (e.g., day,
night, etc.) that hints about, for example, the potential illumination required for
the location during the scene. An action describes what a character does in a
given moment of the scene, as well as the involved entities. It can refer to a char-
acter (e.g., man) performing a certain activity (e.g., play tennis) and interacting
with certain physical objects (e.g., racquet) and other characters (e.g., boy).
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We represent an action and its involved entities by means of a plot point (pp);
a semantically-coherent structure which describes an important event of a story.
The argument structure of a plot point is determined by the verb of an action
(e.g., eat, give) and involved entities, each slot denoted by a semantic role (SR).
SR names can be customized to provide clarity about the role an entity has in
the plot point. A general structure of the plot point representation with N slots
is as follows:

[SLOT-0]sRr, [SLOT-VERB] [SLOT-1]sR, ... [SLOT-Nlgg,,
Subject Verb Direct Object .

The number of slots and their corresponding SRs depend on the common argu-
ment structure of a verb. In our approach, we used the argument structure of
verbs and SRs already provided by the hand-crafted lexical-semantic resource
VERBATLAS? [8]. To illustrate our representation, consider a story with a scene
happening in a living room in the evening, with this sequence of two plot points:

Sp. [INT.] [LIVING ROOM| - [EVENING]

Space Location Time
bp1- [BOb]AGENT [lee] [Plzza}THEME [Sal]-Y]RECIPIENT
Subject Verb Direct Object Indirect Object
Pps- [Sal]-Y]AGI-:NT [Eat] [Pizza]PA'l‘lEN'l‘
Subject Verb Direct Object

The first line is a scene description Sp, followed by the two plot points, pp;
and pps. In ppy, give is used as a transitive verb of three argument slots: the
subject Bob is the AGENT who initiates the action, the direct object Sally is
the RECIPIENT, and the indirect object pizza is the thing being transferred as
THEME. In pp,, eat is used as a transitive verb of two argument slots; the subject
Sally is the AGENT who performs the action, and the direct object pizza is the
thing affected as PATIENT.

3.2 Narrative World Content

An NW can have several locations, each of them decorated with physical entities
that are coherent with associations suggested by a story [2]. We identify two
types of NW content: explicit content and plausible content. The explicit content
consists of every entity specified in a plot point. For example, in “Bob drinks
coffee”; coffee must exist in the location to support the action drink. In contrast,
plausible content is every entity that potentially fits in the location, but their
implicit nature is more of an open question. These entities might be required
or only serve as decoration for the location. Traditionally, designers determine
plausible content based on their own creative experience. Our method assists
designers with suggestions based on the following learned associations:

e Location-centric associations. The entities associated to a location, e.g., bed,
closet and alarm clock are commonly found in a bedroom.

2 VERBATLAS provides semantically coherent structures of verbs, see verbatlas.org.
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o Action-centric associations. The entities associated to an action/activity, e.g.,
tv and popcorn found when watching a movie.

o Object-centric associations. The entities associated with an object, e.g., pen
to paper, tennis racquet to tennis ball, etc.

e Character-centric associations. The entities stereotypically associated to a
character, like film director to movie camera, doctor to stethoscope, etc.

Plausible content can vary depending on the combination of location, action
and even other entities involved. For example, entities during sleep vary if the
location is a mountain or bedroom. On a mountain, sleep might suggest tent and
sleeping bag. In contrast, sleep in a bedroom, might result in bed and mattress.

3.3 Learning Synset Vectors

Learning common and novel associations for recommending NW content given
narrative locations, actions and entities is a challenging problem. If we assume
that these associations resemble what co-occurs in the real world, then we can
rely on many exemplars to cover the vast number of cases. To address this, we
looked into textual knowledge found on the web, assuming that co-occurrence
data within photo captions are a good basis for learning the aforementioned
associations. We represented this co-occurrence data as an embedding of synset
vectors, which allowed several vector operations for suggesting NW content.

Photo Captions Dataset. We created a dataset based on the photo captions
and keywords provided by users of stock photography services. We found that in
this way we could include a vast number of real-world associations. We extracted
99.7 million photo captions by using the Shutterstock API service®.

Synset Representation. We identify entities as synsets instead of as words.
A synset is a set of synonyms with shared meaning. Lexical databases such
as WORDNET and BABELNET, contain a rich glossary of synsets and semantic
knowledge for defining their meaning [18,19]. We used WORDNET and identified
a synset entry with a WORDNET ID, composed of a letter for part of speech (e.g.,
n for noun) followed by 8 digits (e.g., n02958343 for a car synset).

Dataset Preprocessing. We preprocessed the dataset by removing or replac-
ing characters that were not alphanumeric, tokenizing single-word (e.g., cat) and
multi-word (e.g., tennis ball) expressions, and tagging words with a WORDNET
ID by using the adapted lesk algorithm for word sense disambiguation [3]. This
algorithm compares the context (a photo caption) of a target word with WORD-
NET’s semantic knowledge of candidate synsets to determine a plausible synset
for the word. Then, we extracted a dependency tree of each caption by using
python’s spaCy*. A dependency tree is a hierarchic representation of the syntac-
tic structure of a sentence. From this, we captured verb and direct object as a

3 see api.shutterstock.com
4 spaCy has pre-trained models, which perform many NLP tasks (see spacy.io).
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bigram term of an action/activity, e.g., play tennis is tagged with WORDNET
IDs of play and tennis separated by a semicolon v01072949:n00482298. In
total, we tagged 3.75 billion tokens (an average of 38 tokens per caption).

Vocabulary and Co-occurrences. We extracted a vocabulary of all synsets
V' available in the dataset and kept only synsets that occur over 10 times. Our
vocabulary contains 470,577 terms: 78,400 unigram WORDNET IDs and 392,177
bigram WORDNET IDs for actions/activities. Then, we aggregated the pair-
wise co-occurrences of all synsets within each photo caption to the global co-
occurrences counts X;;. We captured 457.2 million of such co-occurrence pairs.

GloVe Formulation. GLOVE is a widely used unsupervised learning algorithm
for learning word vectors [20]. It uses a log-bilinear model to optimize the d-
dimensional embeddings w; € R? by using the non-zero co-occurrence counts
Xi; in the following objective:

14
T =Y [(Xij)(w]w; + b+ b; —log X,5)? (1)

ij=1

We optimized a single embedding layer for both w; and w; instead of an
additional embedding layer for the context vectors w;. This should not make
a difference due to the symmetry in the objective, ideally both embeddings
should be identical [9]. In addition, the original formulation [20] uses a weighting
function f(X;;), but offers just an empirical motivation for it; instead, we use
f(Xi;) = 1. With these simplifications, we did not observe any impact on the
quality of our synset vectors. We learned and tested synset vectors of different
d-dimensions: 50, 100, 200 and 300 dimensions.

3.4 The Recommender Method

Our mixed-initiative approach is powered by a recommender method able to
compute and deploy related entities by using several vector and WORDNET
operations. In this subsection, we discuss the different components of the rec-
ommender, such as input/output and operations (see Fig. 2).

\") wv WN
Synsets' Vocabulary Synset Vectors WordNet
Narrati Q | o Operations R
arrative Query Relatedness/Similarity .
Query Weighting Recommended Entities
w = Vector Negation
Narrative Query Weights Hierarchical Clustering L
WordNet Categorization Clusters' Labels
Q > Novelty Hightlighting
Negative Query Z
Novelty Scores
 Ep Recommender i
Locations' Entities

Fig. 2. Schematic of inputs/outputs of the recommender.
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The Narrative Query. We define a narrative query as a set of synsets Q =
{91,492, -.-,qn} that prompt the recommender to output a set of k most related
synsets R = {r1,ra,...,7t}. The argument k is set by the designer to control
the number of results. A narrative query is formed by extracting the synsets of
location, action and designer-selected entities (e.g. in the plot point or already
placed in the NW canvas). If the plot point involves a direct object, the narrative
query includes a combined term for verb and direct object; if, however, the
combined term does not exist in our vocabulary, only the verb is included in Q.

Relatedness/Similarity Search. This search operation is based on the
assumption that similar or related terms appear closer together for a certain
distance metric in a semantic vector space. We use the cosine similarity score
oS ([f, é) as a quantifiable measure of similarity between two synset vectors
with values between 1 (similar directions) and —1 (opposite directions). Then,
we compute the angular cosine distance @g;s¢ of values from 0 to 1 to respect
the notion of similarity based on closeness:

— —

arccos (cos (A, B)) cos( A, B) = é%
i AT Bl

paisi (A, B) = (2)

We obtain a set of related entities R by computing the average angular dis-

tance ¢ of each synset vector v; in the vocabulary V to every synset vector g;
in the narrative query Q:

Paists(Q, V) ={P ER: 9 = = > puaist(i, Uj), V0; € V'} 3)

1
@l g
Then, we sort the result according to the average angular distances @4;sts and
select the k entities with the smallest distances.

Narrative Query Weighting. We determined that computing related enti-
ties by considering narrative query terms ¢; of equal importance is not an opti-
mal approach. The designer might be interested in controlling the association
strength of location, action or selected entities. Thus, we propose a control-
lable weighting scheme with three possible weight values: the location weight wy,
action weight w, and selection weight w.. We empirically set w; = 0.5, w, = 0.7
and w. = 1 by default. These values are included in a set W = {wy,ws, ..., w, },
where w; € W corresponds with the position of its query term ¢; € Q. We
expand Eq. (3) to compute weighted averaged distances @,, with W as follows:

Z?zlwi Pdist ((Za IU;)

@dists(Q7 VV7 V) = {@w eR: @w = Zn W
=1 "7

, Yo; €V} (4)

Vector Negation for Unrelatedness. The designer can provide a negative
query as a set of synsets @~ = {q7, q3, ..., ¢;,} that must appear unrelated to the
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results, analogous to a boolean NOT query (e.g. animal NOT bird). Thus, we
perform vector negation as @ NOT Q to extract a subspace Q™ of vectors that
has no features in common with @~ [32]. We obtain ¢;" € Q* by subtracting the

vector projections of all synset vectors ¢; € Q on each ¢; € Q:

R R e D AL

Ge@

We replace @ for Q1 in Eq. (4) as @aists(QT, W, V) and retrieve the top k
entities with shortest distance. Interestingly, this feature can be used to neutral-
ize common human subjective biases (e.g., gender and cultural biases) prone to
be found in models learned from text corpora [4].

Hierarchical Clustering. We observed that recommended entities belong to
meaningful clusters, which reflect similarity or contextual relatedness; for exam-
ple, several types of animals for a forest. To this extent, we present the recom-
mended content clustered, using a set of labels L = {ly, s, ...,1,} that associate
a cluster number to each recommended entity r; € R. To determine clusters, we
used the agglomerative clustering algorithm to iteratively fuse clusters (start-
ing from clusters containing a single entity) based on a distance measure (link-
age) between clusters [6]. We chose the complete-linkage® criterion; the distance
between two clusters is the maximum pairwise distance between their entities:

—

Paist(Ca, Cp) = max{paisi (@i, b;) : @ € Ca,bj € Cp} (6)

We chose this criterion due to the tendency to form smaller, compact clusters.
The optimal clusters are determined via the silhouette coefficient [23]: a value
from —1 (bad fit) to 1 (good fit) which measures the quality of the clusters in
terms of how good each entity fits in its own cluster. Given the mean intra-cluster
distance a; and the mean nearest-cluster distance b;, we compute the coefficient
s; for each entity and the average coefficient § as follows:

bi — a; 1 U
i = — §= -7 % 7
§ max(di,bi) s ‘R| ;S ( )

We further constrain clusters by only considering the steps where their size
is below the maximum threshold T;,,, = 3 to ensure compact clusters. For
convenience, we sort clusters in ascending order by the average of the score
obtained with Eq. (4) for entities ¢; in each cluster Cj € C:

(ﬁcdists(Q; VV7 C) = {@C eR: Pe = | Z Pdists Q W Ck) VCk € C} (8)

|C
ECk

5 For hierarchical clustering visit nlp.stanford.edu/IR-book/completelink.html
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WordNet Categorization. The designer might be interested in exploring cer-
tain categories of entities (e.g., plants for forest, furniture for bedroom, etc.).
Fortunately, WORDNET allows us to create custom sets of synsets V., C V based
on lexnames and hyponyms of synsets. A lexname is one of 45 tags for each
synset in WORDNET (e.g., noun.animal, noun.plant, etc.) and hyponyms are
less generic synsets below a synset’s semantic tree, for example, car and motor-
cycle are hyponyms of vehicle. We can perform any previous operation with a
custom set V, instead of the whole vocabulary V. To showcase this feature, we
created custom sets for artifact, tool, furniture, food, substance, plant, etc.

Novelty Highlighting. We highlight novelty of a recommended entity based
on a novelty score that measures how new the entity is for the current location.
First, we compute a dictionary of counts X : H — V of WORDNET’s hypernyms
and hyponyms H of all synsets of entities e; € E placed in the location. Then, we
obtain g; € G as the log;, of sum of counts X (h) of only intersecting hypernyms
and hyponyms h € (H; N H) of the synset of a recommended entity r; € R.
We use log;, to smooth out the influence of large counts. Lastly, we calculate a
novelty score z; € Z with min-max normalization in reverse order of G to get
values from 0 (least novel) to 1 (most novel):

max(G) — g;
max(G) — min(G)

G:{giER:gizlongX(h)} Z={ze€R:z =
he(H;NH)

, 9i € G}

9)

4 Interactive Prototype

We implemented TALEFORGE, an interactive prototype to showcase our mixed-
initiative approach. For this, we use a story of three scenes in three locations: a
forest, beach, and tavern; see Fig. 3. The story is about a pirate stranded in an
uninhabited island. The pirate performs several actions to survive, and finds a
treasure while trying to repair his ship. Eventually, he ends up celebrating in a
tavern, plays a game against the barkeeper and gives his treasure away. Assume
that a designer is looking for inspiration to further design an NW for this story.

Sq [EXT.] [FOREST] - [EVE_NING] So [EXT.] [BEACH] - [MORNING] Sg [INT.] [TAVERN] - [NI_GHT]

Space Location Time Space Location Time Space Location Time

pp1- [Pirate] [Look-for] [Food] ppy4.- [Pirate] [Cut] [Tree] pp7. [Pirate] [Buy] [Drink] [Barkeeper]
AGENT Verb THEME AGENT Verb PATIENT AGENT Verb THEME SOURCE
Subj DObj Subj DObj Subj DObj 10bj

pp2. [Pirate] [Make] [Fire] pp5. [Pirate] [Repair] [ship] ppg. [Pirate] [Play] [Game] [Barkeeper]
AGENT ~ Verb PATIENT AGENT Verb  PATIENT AGENT  Verb THEME CO-AGENT
Subj DObj Subj DObj Subj DObj I0bj

ppg. [Pirate] [Prepare] [Food] ppg- [Pirate] [Find] [Treasure] ppg- [Pirate] [Give] [Treasure] [Barkeeper]
AGENT Verb  PATIENT AGENT  Verb THEME AGENT  Verb THEME RECIPIENT
Subj DObj Subj DObj Subj DObj I0bj

Fig. 3. The story “Once upon a time, a pirate...”: with 3 plot point per scene/location.
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Fig. 4. TALEFORGE, an interactive prototype of our mixed-initiative approach.

In Fig. 4, we show three main panels of TALEFORGE: the entities panel, scenes
panel and canvas panel. In the entities panel, the designer searches for entities,
obtains recommendations and configures the recommender by setting categories,
weights, number of results, clustering and an unrelatedness bin for NOT queries.
An entity appears with a name, icon®, category color and description when
hovering over it. The novelty of a recommended entity is visualized as a lighter
(more novel) to darker (least novel) background. In the scenes panel, the designer
sees every scene of the story and selects one for editing the location’s layout. In
the canvas panel, the designer creates a location by placing entities into cells of
the canvas. The designer can select individual plot points and entities to guide

5 Entities’ icons are populated automatically from thenounproject.com
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Fig. 5. Designer’s workflow while creating an NW for “Once upon a time, a pirate...”

the recommender. The front end of TALEFORGE was implemented in Unity, and
the recommender method is served by a Python’s flask APIL.

In Fig. 5, we show the recommender’s output at various steps of the designer’s
workflow, together with the final layouts of the locations for our showcase story.
To explain the designer’s workflow, consider the first scene S; as an example.
Here, the designer creates a layout for a forest. When selecting this scene, a plot
points menu (top) and an empty NW canvas (bottom) is shown. The designer
adds entities by searching for them and dragging/dropping them. Further, it is
possible to paint on the canvas, e.g., to place several trees, by selecting the object
and moving the mouse over the canvas, while holding the mouse button pressed.
The recommender is prompted when interacting with any element. At first, it
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only considers entities related to the location (the forest). The designer selects
the category plant ¥ and adds recommended entities like pine trees and bushes.
When entities are added to the canvas, the novelty scores are updated, thus,
recommended entities such as bark, trunk and lichen appear lighter (more novel).
The designer can enforce a different output of the recommender by changing the
narrative query weights or using the unrelatedness bin. The designer prompts
the recommender by selecting a pine tree and lowers the weight of the location to
put more emphasis on the selected object, causing pinecone to appear in the top
results. Next, the designer might be interested in entities that are not related to
tree, so the designer drags and drops tree into the unrelatedness bin and activates
clustering. Consequently, the recommender suggests and groups different types
of mushrooms.

The designer selects a plot point to consider the influence of an action. In
pp1, the designer selects the category animal & to add animals in the location
for finding food. The output shows different birds which might not be interesting
for the designer. Thus, the designer drags and drops bird to the unrelatedness
bin and activates clustering to obtain groups of animals unrelated to bird, like
chipmunk, squirrel, deer, and so on. In ppy, the designer selects the category
artifact 2 and substance & to find entities related to making a fire, such as
wood, firewood, axe, and others. In pps3, the recommender outputs entities for
preparing food, however, these are common cooking utensils and might not be
interesting enough for a story, where a pirate is involved. Thus, the designer
selects pirate from the plot point and discovers caldron in the recommendations.

Figure 5 presents similar designer workflows for Scenes Sy and Ss.

5 Conclusion

We have introduced a novel mixed-initiative approach based on a recommender
method that assists designers throughout the creation of a narrative world (NW)
for a given story. Our method discovers and suggests NW content based on
previously-learned common and novel associations to current narrative locations,
actions and entities. Our method provides several vector and WORDNET opera-
tions that further expand the creative exploration of a designer. In addition, we
have shown the usefulness of our approach through TALEFORGE, an interactive
prototype that assists a designer with recommendations of entities for an NW.

Bringing mixed-initiative approaches into the workflows of NW designers can
significantly improve the consistency between stories and NWs. The design of
procedural tools to simplify artistic and technical tasks, as well as solutions to
enhance designers exploration, are considered very important and challenging
endeavours. However, there is a strong lack of research work on using a compu-
tational narrative as a basis for assisting NW designers. We believe this work
provides a valuable step to a more complete NW authoring tool.
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Abstract. Two interactive, non-linear, fictional, movie theater projects
are described. The first, Ressaca, was released in 2008. A live-editing
interface sits between the audience and the main screen. It is usually
manipulated by the director, who creates a new improvised ordering of
the sequences in each screening. The second one, Dispersao, was not yet
launched. The interaction device is provided by the mobile phones of the
audience: viewers may use an app which simulates a social network used
by the movie characters. The engagement of the audience will interfere
with the unfolding of the story. Agencies, syuzhets and algorithms for
both experiences are discussed. Finally the article locates these projects
as belonging to the field of interactive digital narratives specific to the
movie theater, and also part of poorly charted tradition of interactive
media from developing countries.

Keywords: Interactive cinema - Combinatory narratives *
Storytelling - Non-linearity + Agency

1 Introduction

This demo paper describes two interactive cinema experiences created by the
author, namely Ressaca (Hangover) and Dispersao (Dispersion). Both are meant
for movie theaters, have feature film length (between 75 and 120 min) and por-
tray fictional stories based in local historical events. They also share a collective
device of agency and a non-branching narrative based on audiovisual lexia [8]
which are the movie sequences. We will describe narrative, interactive and tech-
nical aspects and situate them in the context of interactive visual storytelling.

2 Ressaca

The movie follows the puberty and teenage years of a middle-class Brazilian
during the turbulent times of re-democratization in the 80’s and 90’s. During that
period, the country faced economic crisis, hyperinflation, dead and impeached
presidents.

The project’s interaction device is a 1-m round touch screen that stands
between the main screen and the audience. The device (Fig.1), baptized as
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Engrenagem (Sprocket) was developed and programmed by Maira Sala [2], and
is inspired by the musical interface named Reactable [5]. It is manipulated any
one person with sufficient knowledge of the material and interface. It works
effectively as an editing tool, allowing the user to create an order for the pre-
edited sequences and even the individual shots of the film in real time. The usual
session starts with 5-10 sequences overhead, and subsequent lexia were added
impromptu, according to the will of the editor, which could be influenced by the
reaction of the audience, his or her mood, or a specific goal like focusing on one
of the stories. The movie has 128 sequences in total [6], and a session could use
anything between fifty to eighty from them.

Fig. 1. The director between the main theater screen and the Engrenagem interface

Ressaca was released in 2008 and exhibited in several festivals and venues
throughout the world until 2011. It won four awards, including Best Film in
Cinesquemanovo 2009 [7], in Porto Alegre, Brazil. This was the only festival
in which it took part of the competition. In others, the project was shown in
non-competitive screenings.

The goal of the project was to offer a non-linear experience that didn’t disrupt
the immersive cinema experience by asking the audience to make choices. The
“editor” — the director himself, most of the times — assumes a role of representing
the audience [9]. At the same time, the imposing presence of the interface and the
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movements of the person manipulating it introduce an element of risk. There is
tension in building the storyline. Any mistakes in the operation can be noticed
by the public. In other words, Ressaca brings elements of live performances,
which are the rule in theater representations, to the cinematic experience.

The storytelling device does not offer a branching, tree-like structure:
topology-wise it could be considered arbitrary [10], although the term doesn’t
take into account the fact that the decisions made by the editor are not arbitrary,
but based on several factors. There is not a predefined path, and any random
trajectory might result in interesting concatenations. The structure is inspired
by the strategy used by novelist Cortdzar in Hopscotch: some syuzhets [1] are
suggested, but the reader is also welcome to explore the chapters freely and cre-
ated his or her own experience. There are paths to follow, and some of the lexia
are better connected to a small set of others. It is a navigation that yields better
results when the agent has familiarity with these features. I call this particular
strategy a narrative landscape: previous knowledge of the ground leads to sat-
isfying routes, but random walkabouts will also take the viewer to unexpected
corners with surprising shortcuts. The naming also serves as a nod to Jeffrey
Shaw pioneering cinema work.

3 Dispersao

In 2018, we started a new project continuing our research on cinema and non-
linear narratives. Dispersdo (Dispersion) [3] is also a feature-length experience
created for movie theaters, and offers a collective narrative agency. But instead
of relying on a representative to decide on the storytelling route, this project
puts the structuring of the sequences on the hands of viewers.

The audience of the film receives information on the story and characters
through two different streams: the first and more visible is the big theater screen,
where live action scenes take place. And the other is the mobile phone of each
viewer. A social network app was created specially for the project, again by
creative developer Maira Sala. This software imitates the mechanism of a micro-
blogging platform, except that its participants are not the moviegoers, but the
characters of the movie. Thus, events on the main story told on the theater
screen might trigger some posts and comments inside the app.

Even though the spectators cannot make posts, they can interact with the app
by reacting to them. And that is exactly the interactive strategy for storytelling:
the system will choose the next sequences depending on the engagement with
each post. The rationale here follows the logic of existing commercial social
networks. If a posts provokes more engagement it means that the audience is
interested in the character, and/or the plot around it. In the case of a platform
like Twitter, this would make the post be shown to a greater number of users (as
it proves to be more popular) and would also bring up more posts related to it to
the particular user who “liked” it. And in the case of the collective audience of
Dispersao in the movie theater, this would have the effect of guiding the stories
towards that plot and/or character, by selecting specific sequences.



32 B. C. Vianna

The algorithm behind it includes a classification of each sequence according
to the plot, character and “ideal” position in the movie. This position is related
to the narrative structure, but it is not necessarily dictated by a chronological
order: some sequences might work well both in the beginning and the end of the
movie, for instance. A modified logistic function is used, taking as parameter the
distance to the ideal position. The result is used as a weight in random selection
of the next scene.

The story also evolves around the effects of politics in the lives of characters,
and is set around 2011-2016, during the crisis of the left wing government in
Brazil. The project was delayed by the COVID pandemic and is now expected
to be released in the beginning of 2022. Even though the software development
and post-production phases are finished, live tests could not yet be made.

The topology of the lexia in Dispersao was created after the experiences in
Ressaca. It is a mix of hardwiring some connections and leaving enough room for
chance and audience control through the algorithm described above. Again, it is
difficult to classify the narrative algorithm based on the topology. The proposed
category of narrative landscape still applies to the method, as it has simply been
partially fixed into software. The devices used — mobile phones — are nonetheless
intrusive and might create disruptions. Their use during sessions, no matter how
much a widespread habit it is, is still frowned upon. It remains to be seen how
much of a liability or a benefit this will be for the cinematic experience.

4 Conclusion

When discussing the future of the Interactive Digital Narratives field, Murray
proposes this image of a kaleidoscope of multiple taxonomies and artifacts [4].
The projects described here are to be found in a very specific branch of this
looking glass, the one dedicated to collective interactive experiences that take
place inside the movie theater. But even within this small field, they belong to
a more exotic leaf which aggregates the ones produced in the periphery of the
western world - in developing countries.

It is hard to claim novelty on such projects when there isn’t even a reference
frame to discuss them in the same language. A quick lookup on an academic
search engine reveals three pages of articles dedicated to the project Ressaca
written in Portuguese or Spanish, and not one single document in English, even
after more than a decade from its inception.

Practitioners from the global south are used to being subject to “discoveries”,
specially if their practice is performed in non hegemonic languages. This demo
proposes to fill a gap in the documentation of such practice. By opening a small
crack in this wall, I hope that new projects - like “Dispersao” - can find a voice
of their own, free from a colonialist perspective.
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Emergent narratives are narrative structures which are not predefined but rather
generated by users through interactions and choices [2,13]. These narratives have
exponentially larger spaces of possible playthroughs as compared to more tra-
ditional narrative experiences, including modern video games using branching
narrative logic [26]. Social physics engines like Comme il Faut (CiF) [20] and
its spiritual successor Ensemble [27] offer one approach to the creation of emer-
gent narratives by leveraging concepts relevant to the broader domain of social
physics, including network theory and predicate logic. Social physics games can

Pedagogical Challenges in Social Physics
Authoring

Daniel DeKerlegand!®™), Ben Samuel!, and Mike Treanor?

! University of New Orleans, New Orleans, LA 70148, USA
dldekerl@my.uno.edu, bsamuel@cs.uno.edu
2 American University, Washington, DC 20016, USA
treanor@american.edu

Abstract. Authoring interactive narrative content for AI engines can
be a difficult task, and as our work on collaborative social-physics
based projects like VESPACE and Vox Populi: The Ustradian Games
has revealed, there exist numerous key difficulties in training content
authors. Despite the prevalence of these setbacks over years of training
new authors, no comprehensive survey, analysis, or codification of ped-
agogical challenges has heretofore been completed. In order to formalize
this knowledge, we have conducted an analysis of experiential results
from previous workshops and collaborations as well as from written par-
ticipant feedback and reflections. Our primary research objective has
been to analyze these pedagogical challenges and their origins, includ-
ing conflicting paradigms, unfamiliarity with computer science concepts,
difficulty visualizing and managing authored content, and unresponsive
feedback loops. Lastly, we introduce a design and prototype of a tutorial
game which will train users in the authoring of content for the Ensemble
social physics engine. The game’s design is a response to the challenges
revealed in our analysis and will be one of open-ended freedom of play,
leveraging the playful experimentation of the engine and guiding players
to an intuitive understanding of the engine’s underlying mechanisms as
they create and explore.

Keywords: Emergent narrative -+ Authoring tools - Pedagogy

Introduction

© Springer Nature Switzerland AG 2021
A. Mitchell and M. Vosmeer (Eds.): ICIDS 2021, LNCS 13138, pp. 34-47, 2021.
https://doi.org/10.1007/978-3-030-92300-6_4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92300-6_4&domain=pdf
https://doi.org/10.1007/978-3-030-92300-6_4

Pedagogical Challenges in Social Physics Authoring 35

take the form of social puzzles [17], where players must try to anticipate the
potential social effects of their actions [18], considering, for example, the range
of likely emotional responses by non-player characters [12]. Social physics sys-
tems in the CiF family have been implemented in mods to AAA games such as
Skyrim and Conan FExiles, with user studies suggesting that players prefer and
gravitate toward NPCs guided by such engines [10,11,23].

Unlike pre-written narratives, however, the authoring of content for the CiF
and Ensemble engines requires the composition of predicate logic defining the
logical structures and rules of the interactive world, including the realm of pos-
sible truths and states—known as a schema-as well as the individual rules which
govern social behaviors and the range of actions that players and NPCs can take.
Previous research has identified general challenges in the field of interactive dig-
ital narrative storytelling [14], surveyed issues presented by existing interactive
narrative authoring tools [9], and examined pain points in interactive narrative
authoring caused by authors’ lack of knowledge of underlying computational
models [31]. However, the existing research has not yet examined the unique
challenges of authoring for systems like Ensemble, wherein content is authored
solely as first-order predicate logic rules rather than narrative fragments.

The authoring process may differ greatly depending on the goals of the
authors. For example, in early applications of the CiF and Ensemble engines,
content authors generally took an informal approach; for example, the authors
of the game Prom Week—consisting primarily of computer scientists—strove to
approximate the sociological and psychological situations portrayed by films in
the “teen movies” genre [28], using examples from films of the genre for ref-
erence [19]. Subsequent projects like VESPACE and Voz Populi: The Ustra-
dian Games, however, have required more stringent authoring processes. Both
of these projects, being multidisciplinary collaborations between researchers in
artificial intelligence, the humanities, and social sciences, required the training
of researchers from outside the field of computer science in social physics author-
ing. In this paper, we will introduce these two projects and outline the various
difficulties in author training which they have revealed, as well as the numer-
ous methods which we will employ in our tutorial game in order to address and
circumvent them.

Based on experience and feedback from VESPACE and Vox Populi, several
pedagogical issues appear to occur with some regularity in collaborative social
physics authoring efforts, and our hope is that documenting these challenges will
aid future teachers and authors in their authoring endeavors. In order to address
these difficulties head on, the training hurdles enumerated in our analysis have
inspired our current tutorial game project, which seeks to guide users in effec-
tive social physics authoring by leveraging the unique pedagogical opportunities
afforded by open-ended gameplay; much of our tutorial game design has come
directly from written responses that VESPACFE workshop participants took part
in and which we will draw from in this paper.

To address the challenges identified in our analysis, we have designed and
prototyped a tutorial game to train users by reinforcing learning through explo-
ration, so that learners can immediately experience the expressiveness of the
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Ensemble engine through real-time feedback, all while being guided by various
challenges and motivational goals. In the game, players will guide a household
of pets through social interactions, exploring the narrative and social effects of
authorial choices as they complete challenges and unlock new authoring capabili-
ties. The term “SimCity effect” has been used to describe video games possessing
this ability to develop player understanding of internal structures and mecha-
nisms through gameplay [21,34,35]. We have sought to design our tutorial game
with the SimCity effect in mind, utilizing open-ended gameplay and exploration,
along with motivating techniques such as skill trees, in order to instill a famil-
iarity with the functionality and potentiality of the Ensemble engine.

2 Authoring Projects

In this paper, we focus on the authoring challenges of two major collaborative
efforts, the VESPACFE and Vox Populi: The Ustradian Games projects; we chose
these two projects based on their complexity and the fact that both projects were
interdisciplinary in nature, consisting of collaboration between computer science
and artificial intelligence researchers on one hand and humanities and social sci-
ence scholars on the other. In contrast with other social physics-based interactive
narrative games, the authoring for these projects was largely performed by par-
ticipants with no previous training in social physics or computer science. The
VESPACE project included an authoring collaboration with French literary his-
torians, which was conducted through numerous authoring workshops that ran
in parallel with the development of a collaborative web-based authoring tool.
The Vox Populi: The Ustradian Games project saw collaboration with educa-
tion and assessment specialists in order to develop a game which challenges users
to think critically as they explore an unfamiliar culture.

2.1 Authoring VESPACE

The VESPACE project, a multidisciplinary collaboration between various uni-
versities in the United States and France, has sought to create a virtual reality
experience reconstructing the physical and social spaces of eighteenth-century
Parisian theatre [7]. The first phase of the project involved the virtual con-
struction of the physical interior of the Saint-Germain Fair theatre based on
visual depictions and historical data, leading to the production of a VR experi-
ence allowing participants to explore this reconstructed space. Subsequently, the
project has focused on the construction of an interactive social game taking place
within the virtual environment. Over the course of a year and through a series
of workshops, we endeavored to train participating literary historians in the
authoring of social physics content, with the ultimate goal of these researchers
mining historical texts for social rules capable of producing social experiences
which are faithful to period sources. The final game will provide players with
an immersive learning environment, allowing users to explore not only the class
and gender dynamics of the social mores of eighteenth-century France but also
the complexities of historical interpretation [24].
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Authoring for the VESPACE project has required the construction of a large
corpus of rules and a schema tailored to the social norms of 18th century France;
importantly, this content must be written by literary historians, with citations
supporting each authoring decision. Before the authoring process could begin, we
needed to conduct significant training workshops for prospective authors, as well
as to develop a new authoring tool facilitating collaborative authoring. We first
conducted a series of short workshops as we iterated through the development
sprints of the tool, ultimately working up to the deployment of the tool and its
use in a week-long remote workshop [6]. The first round of VESPACE author
training included four half-day workshops, attended by a group of six and guided
by three of the participants. Two of the three workshop leaders were computer
science researchers, while the other leader was a professor of literary history
who had undergone some one-on-one training in social physics concepts and
terminologies. The other three participants were graduate students in literary
history. These short workshops held a three-fold value: as training sessions for
authors, as a means of identifying significant pedagogical challenges in the use
of Ensemble, and as beta-testing scenarios for the authoring tool.

The second round of VESPACE author training consisted of one week of
day-long workshops and was attended by eight participants, including the previ-
ous trio of leaders and five graduate and PhD students from various humanities
disciplines. The end result of this workshop was a fully-realized schema for VES-
PACE consisting of 10 categories and a total of 113 types, as well as a rich rule
set of 230 rules. Following this week-long workshop, we tasked all eight partici-
pants with composing an 8-12 page formal reflection outlining their experience,
asking them to describe any difficulties they faced. We then conducted an infor-
mal analysis of these reflections, maintaining a list of challenges described by the
authors. Following the informal analysis, we performed a more thorough anal-
ysis, keeping track of the frequency with which each challenge was mentioned,
combining closely related challenges into categories, looking for keywords indi-
cating a particular challenge’s severity, and collecting illustrative quotes for the
paper. The results of this analysis are an important source of experiential data
concerning the authorial challenges which we will codify and analyze in this

paper.

2.2 Authoring Vox Populi: The Ustradian Games

Vox Populi: The Ustradian Games is a game-based assessment of cross-cultural
competency and meta-cognition, created in collaboration with education and
assessment specialists, that integrates complex social simulation technologies
with gameplay. In the game, players seek to achieve objectives through having
conversations with the people of an unknown artificial culture. The player’s
dialogue options and the non-player character responses are determined by a
modified version of Ensemble called the Social Practice Engine [33]. The game
roughly conforms to the “Visual Novel” game genre, but rather than simply
navigating pre-scripted dialogue trees, the responses are dynamically selected
based on the social state and history of player choices. Because the results of
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conversations are based on a rich model of the non-player character’s culture, to
successfully play the game, players must focus on gaining an understanding of
the culture, rather than memorizing socially appropriate sequences of actions,
or simply enumerating all paths through dialogue trees.

The Vox Populi project followed a more informal collaborative approach, con-
ducted in the form of meetings and emails, but the conclusions reached were the
same as those of VESPACE, illustrating how social physics can be used fruitfully
for the production of interactive experiences in other cross-disciplinary projects.
Creating the artificial unknown culture required the authoring of many social
rules and was largely done by a team of education and assessment researchers.
Having these non-artificial intelligence researchers create this content required
that they be trained in how Ensemble works. This training was done via several
day-long workshops, as well as through emails and many remote meetings over
the course of two years.

3 Challenges in Social Physics Authoring

The collaborative experiences of developing social physics content for VES-
PACE and Vox Populi have revealed numerous difficulties in training social
physics authors. In this section, we will enumerate and analyze the most impor-
tant of those challenges, and later in the paper we will outline our pedagogical
approaches for resolving these challenges through the development of a tutorial
game.

Authored content for Ensemble can be subdivided into several different data
structures and whose relationships can be seen in Fig. 1, including schema, rules,
actions, and state. Of these four, we will discuss significant difficulties in the
authorship of the first three, as they have presented the most noteworthy chal-
lenges to new authors. By comparison, the authoring of state and the related
authoring of characters have posed fewer challenges in workshop, and while we
may indirectly address them as they relate to the authoring of schema, rules, and
actions, we have refrained from a direct analysis of authoring those structures.

Defines what can be true in the social world Captures what currently i true in the world
Examples:
A Schema is made up of: Frodo and Sam are friends.
Categories Gandalfis stalwart. Gollumis wretched.
Groupings of similar types l
Examples: Relationships, Traits
Types Defines how characters can change the state
‘Atomic instances of categories.
N Examples:
Example relationships:friends, enemies . oo .
Example traits: wretched, stalwart fou can SUFF.OY! someone by sharing a meaf
You can despise someone with nsults

Defines the social norms of the world through preconditions and effects using unbound character roles.

Examples:
Rulel Precondition: charl and char2 are friends. Rule Effect: charl and char 2 are inclined to mutual support,
Rule2 Precondition: charl is stalwart and char2 is wretched. Rule2 Effect: charl is inclined to despise char2.

Fig. 1. Data structures in ensemble authoring
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3.1 Schema Authoring Challenges

The realm of possible states and truths in the Ensemble engine are defined
in the authoring of a schema. Whereas the earlier social physics engine CiF
included a predefined schema containing social, psychological, or sociological cat-
egories such as character traits, temporary emotional statuses, and relationships,
authors using the Ensemble engine must build a schema from scratch, consist-
ing of abstract categories which are themselves populated by specific types. For
example, a category of “relationship” might have types such as “friends” and
“enemies.” However, this authorial flexibility comes with additional complex-
ity. Schema authoring can be challenging due to its open-ended nature, leading
authors to develop schemata which are overdeveloped, underdeveloped, or dif-
ficult to use. Experienced Ensemble authors rely on various informal heuristics
during schema authoring, but new authors may either feel bewildered or will
develop ineffective schemata. The rule authoring process relies on the develop-
ment of a robust, well-planned schema, but schema authoring is difficult for
authors without previous knowledge of social physics or computer science con-
cepts. These authors must first learn these concepts before they can begin the
schema authoring process, resulting in a steep learning curve for many authors-
to-be.

Unfamiliar Computer Science Concepts. Authoring for the Ensemble
engine can prove challenging for any author, but it is perhaps most difficult
for users who are less familiar with computer science concepts and modalities.
At a basic level, many authors will have a tendency to envision rules in terms of
individual states, for example “Fido is mean,” whereas computer science lever-
ages variables in the form of rule binding, such that “Fido” is replaced by a
variable which can potentially bind with any character. In addition, Ensemble
leverages even more complex computer science concepts, including networks and
graphs, network directionality (and bidirectionality), weighted edges, first-order
predicate logic, enums, Boolean and scalar values, and time steps. For example,
the abstract schema categories that define the realm of possible states in an
Ensemble schema must be declared as either undirected, directed, or reciprocal.
For example, if an author were to define a reciprocal category in order to reflect
relationships between characters, predicates in that category could be formally
represented as a fully-connected network, where all character relationships of a
given type could be illustrated in the form of a graph.

The use of computer science terms and concepts has remained a persistent
hurdle for new authors of CiF and Ensemble content, and in general, researchers
have attempted to strike a balance between minimizing computer science termi-
nology and training authors in the necessary technical concepts. For example,
despite the design of the Ensemble system being based on social phenomena
and terminology, previous iterations of CiF and Ensemble authoring tools have
shielded users from unnecessary terminology. Nevertheless, in some cases, this
is unavoidable. For example, during our VESPACE training sessions, we found
that participants unfamiliar with computer science terminologies found it more
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difficult in particular to get started in creating schemata, which is reasonable,
since schemata are the most abstract data structures in Ensemble and heavily
leverage predicate logic and network theory. In order to overcome this, we ulti-
mately designed the schema authoring portion of our authoring tool to function
as a questionnaire, in which we asked users a series of questions while providing
them with examples. Based on their responses, we empowered users to construct
new categories or add new types to existing categories, minimizing as much as
possible the use of computer science terms.

Generalizing Abstractions from Source Material. For many researchers,
such as the literary historians working on the VESPACE project, the research
process involves a close analysis of source texts for specific examples or citations.
Through aggregation of numerous examples, a researcher might extrapolate to
develop an abstract grouping or concept, but beginning from observations or
individual details helps to prevent the researcher from imposing an abstract
concept onto the source material. Therefore, requiring authors to begin with
a category and then populate it with types went against the typical research
workflow. One VESPACE workshop participant described this challenge, stating,
“First-time rule authors often try to code the exact scene from the source they
are using, but rules authorship is above all an interpretive gesture, in which the
literary instance serves as the basis for an abstraction that can be applied across
different specific situations.” In order to accommodate working from the specific
to the general, we designed the schema authoring component of the Ensemble
authoring tool such that users first create types and then either add these types
to an existing category or build an enclosing category up from the new type.

Managing Schema Size. According to our analysis, authors working to design
a schema from a large corpus of source texts or from general knowledge have an
authorial tendency to create schemata that are too big. This can be a problem,
as there is a “non-linear” relationship between schema types and the number of
social rules that need to be authored. Ideally, authors should strike a balance
between generality and expressivity, but determining the ideal schema size is not
immediately intuitive and rather depends on an understanding of the relationship
between schema and rules and between rules and actions. For example, if authors
create different types for “joyful” and “happy”, they will need to create rules
pertaining to both, as well as actions for characters to express both states, while
the authors may not be particularly attached to the differentiation. There is no
right answer as to how many types and classes there should be, but to alleviate
the authorial burden introduced by excessive combinations and complexity [1,4,
25], authors should be conservative when adding to the schema.

Adding to this difficulty is the fact that Ensemble requires the presence of
a schema before rules can be authored, meaning authors must start from the
most abstract, atomic elements of the world space, which can be quite chal-
lenging; authors may define schemata which are too large or too specific, due
to an authorial tendency of starting from the specific and moving to the gen-
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eral and abstract. Some VESPACE authors found this particularly challenging,
with one workshop participant writing that “Complex and less concrete elements
in the schema were much more difficult to agree upon and incorporating them
revealed both the constraints and the possibilities of thinking within the Ensem-
ble authoring system. For example, my group was very concerned with the issue
of theater etiquette, but baffled by the question of how the intricate rules of
eighteenth-century public conduct could be summed up by the kind of one-word
terms that comprised the schema.”

3.2 Rule Authoring Challenges

In Ensemble, rules can be thought of as the character tendencies or social norms
that the system will use to determine what actions a character might take. This
places rules at the core of the Ensemble authoring process, and is where authors
must expend the most time and effort. For example, a schema could have between
six to ten categories, with perhaps ten to fifteen types each, whereas a given inter-
active narrative will likely require hundreds or even thousands of rules. Though
rule authoring itself is less challenging conceptually than schema authoring, it
requires a knowledgeable approach in order to produce a successful experience.
For example, the kinds of rules authored—and by extension the number of those
kinds—will effect the realm of possible social interactions, and the weights of indi-
vidual rules can drastically affect the ramifications of player choices. Accounting
for these challenges requires the use of several authoring heuristics, which we
will endeavor to instill in authors through our tutorial game.

Achieving Social Rule Coverage. Developing an effective rule corpus
requires achieving sufficient “social rule coverage,” which means crafting enough
of those rules which define the most generic social norms or behaviors of a par-
ticular society or group. Some participants in the VESPACE authoring work-
shops found it difficult to construct rules which would correlate to corresponding
actionable behaviors by characters; one participant reflected that “it was chal-
lenging to read the texts we chose and then transpose elements from them to
write rules governing what the characters in the game would want to do and
could actually do, given the particular qualities assigned to them.” Related to
this, in our experience, authors tend to focus more frequently on highly specific
scenarios, but they often do not remember to take into account the “base” effect
of single predicate rules. For example, an author might construct a more specific
rule defining the concept “the enemy of my enemy is my friend” yet may forget
to define the underlying effect of that rule, that “people are less likely to want
to be friends with their enemy.”

Determining Authored Rule Space. Through its relationship with the
schema—which defines the realm of all possible states within a given Ensem-
ble social world—the set of rules will occupy some percentage of the total pos-
sible “potential rule space.” However, the Ensemble authoring tool does not
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currently provide a means of determining how much of that potential rule space
has been covered by authored content. We have developed a general heuristic
for approaching this problem in the form of a set authoring order; during the
authoring process, we first consider all relationships, then networks, then sta-
tuses, and so on. However, this heuristic approach should ultimately be replaced
by more exact methods, for example author assistance visualization techniques
[8] informing authors on the current authored rule space, which could be filtered
by category or type.

3.3 Action Authoring Challenges

Actions in Ensemble define the range of all possible decisions that a player or
NPC can make in a game. Because actions have preconditions and effects (how
the action changes the social state), authors must make deliberate choices when
composing both rules and actions, so that rules will have a real effect on the
range of possible and probable actions, making for rich social experiences.

Understanding Action Selection. One frequent challenge in social physics
action authoring concerns the inherent tension between the tendency towards
authorial control in traditional authoring and the player freedom and agency
offered by emergent systems [3,22], as well as the related balancing act between
player agency and character agency [5]. For example, the very concept of dynamic
“action selection” (the purpose of Ensemble) caused a lot of confusion with the
extended team for Vox Populi: The Ustradian Games, with authors developing
workarounds to assert more authorial control. Rather than seeing a character’s
action selection as the emergent result of many rules being true over a semanti-
cally meaningful social state that represented the inner feelings of agents, they
created actions with effects that merely flagged that specific events had occurred,
and then created heavily weighted rules to guarantee that specific characters
would choose specific actions subsequently. Authoring in this way eliminated
the need to use Ensemble at all, and made the interactive experience a simple
branching narrative. Similarly, authors can feel stifled by the uncertain frequency
with which characters will choose actions, such as when VESPACE authors
translating source materials felt anxious about being too general or too specific
for effective action selection. One workshop participant noted “if there are too
many preconditions for a volition rule, no characters will (likely) meet all the
conditions, and the rule will never come into play. Similarly, if there are too few
predicates, and the rule is very general and could apply to many or all of the
characters... it might become overused in the game.”

3.4 Time to Feedback

Due to the open-ended nature of social physics experiences, the approach
employed in social physics authoring may not be immediately intuitive to
authors-in-training; one way to overcome this challenge is to allow authors to
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learn by doing, which means diminishing the time to feedback or feedback loop
becomes an important pedagogical tool. If authors can visualize, experience,
and play with the effects of their authorial choices, they can begin to develop an
intuitive sense of how authoring decisions relate to the creation of social worlds.

Previous research has identified expressive range as a measure of genera-
tive space, whereby a set of quantitative metrics and models can be defined for
graphing and analyzing an expressive range with an ultimate goal of qualita-
tive interpretation and analysis [16,29,30]. Others have discussed methods for
expanding expressive range [15,32], but there may also be uses for decreasing or
modulating expressive range depending on the context. Our tutorial game seeks
to intentionally constrain the expressive range of the system as players begin,
making the range manageable for learning, then gradually releasing that expres-
sive range as players accomplish in-game goals in order to guide them naturally
through the learning experience.

4 Gameplay as a Pedagogical Answer to Authoring
Challenges

Our analysis of the pedagogical challenges in training Ensemble authors, which
we have formally codified in this paper, has led naturally to the development of
a tutorial game for training aspiring Ensemble authors. Previous social physics-
based games have used pre-authored schemata and rules, while our tutorial game
will allow players to gradually author their own schemata and rules through
gameplay. It will therefore leverage the open-ended exploration and experimen-
tation of social physics-based games in order to deeply integrate learning out-
comes and Ensemble familiarity with the mechanics of the game, so that players
directly experience the effects of the decisions they make as content authors.

The tutorial game centers around the lives of pets in a household, with the ini-
tial cast of characters consisting of three dogs, three cats, and one human. The
initial schema will be only minimally predefined, containing four categories—
relationships, traits, statuses, and directed statuses; furthermore, players will
start the game with an even more simplified active subset of the initial schema,
with the option of unlocking categories and types as they complete goals and
quests. As players unlock more characters and more social state, each of the char-
acters will have a minimal set of predefined predicates determining the social his-
tory of that character. For example, the character Mr. Woof is defined as being a
dog (trait), playmates with another dog character named Chaplin (relationship),
and hungry (status). Another character named Kitty is defined as being a cat
(trait), playful towards Chaplin as well as another cat character named Madame
Meow (directed statuses), and social (trait).

Starting from a predetermined schema, cast, social history, and list of actions,
players will have the freedom to explore and experiment by adding characters,
changing state, and modifying the schema, all while being guided by a system of
incentives and quests through which players can level up their skill tree, unlock-
ing new ways to add to or modify the Ensemble authored content. Players will



44 D. DeKerlegand et al.

see the effects of their choices gradually play out in the social world, experienc-
ing immediate feedback in the form of character actions and responses that will
illustrate the expressive range of the Ensemble engine.

4.1 Teaching Schema Authoring Through Gameplay

Recall that an Ensemble schema defines what can be true in the social world.
Starting players off with a small, manageable schema will be very important,
because as we have found in our analysis of pedagogical challenges, schema
authoring tends to be the most daunting authorial process. The four initial
categories—trait, relationship, status, and directed status—will be described in
detail using colloquial language, leveraging the correlations between Ensemble
data structures and natural human sociological states and behaviors. As players
level up their schema skill tree, they will first be given the option to add new
types to a category, with the possible new types initially determined by the game;
beginning with types aligns with our analysis that starting with category author-
ing is unnatural for many authors, especially researchers who value specificity,
evidence, and citation. Furthermore, guiding players through a gradual expan-
sion of the schema will aid authors in gaining an intuitive feel for the effect that
schema manipulation and schema size have on the range of possible gameplay
scenarios, starting with types and gradually extending to new categories.

Characters Characters
Chapiin chapin

Fritze Fritze

Sashe sasha
Kitty Kitty

Nanny

Rules Madame Meow Madame Meow

Rules
- i
Namny
|

(a) Adding Game Characters (b) Adding Active Rules

Social animals want to
become playmates.

Mr. Woof

Active Rules Active Rules T

Fig. 2. Tutorial game screens

4.2 Teaching Rule Authoring Through Gameplay

Rules are the core of the Ensemble authoring process as well as—according to
our analysis—one of the more intuitive aspects of authoring. However, while rule
authoring itself may be less challenging, the effects of rule authoring are less
intuitive, especially the relationships between rule authoring and rule coverage,
space, and tuning. Therefore, early quests in our tutorial game will challenge
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users to expand social rule coverage in order to make certain behaviors and
responses possible, with the anticipation that experiencing these effects in real
time will give authors a more intuitive sense of the correlation between rule
authoring and the range of possible social behaviors. We will begin by allowing
players to only activate rules from a predetermined set, requiring them to select
rules wisely in order to achieve some social responses in the game. As illustrated
in Fig. 2(a), not every rule is initially active; only volition rules managed by the
player will be leveraged by the game. As a core aspect of gameplay, players can
activate rules and experience immediate feedback as they change the range of
narrative potential. Figure 2(b) shows that once a player has activated the rule
“Social animals want to become playmates” and brought new characters into the
game world having the “social” trait, those characters can now be affected by
the rule, leading them to potentially become playmates. This is a pedagogically
valuable interaction whereby players learn the effects of authoring by experienc-
ing them directly. Gradually, players can unlock the capacity to modify existing
rules and to forge new rules, but only after they have witnessed the narrative
effects of changes in rule space.

Eventually, as players level up their rule authoring skills, they will gain the
option of creating entirely new rules in order to accomplish some goal. As players
modify the list of active rules, we will provide visualizations of social rule cov-
erage and existing rule space, in order to illustrate the effects of rule authoring
in a more theoretical sense. Due to the importance of weight balancing in the
Ensemble authoring process, yet another branch of rule authoring on the skill
tree will involve weight tuning, wherein players will gain the ability to mod-
ify rule weights so that the impacts of particular rules will change, with quests
challenging the player to modify rule weights in order to achieve some goal.

5 Conclusions/Future Work

One of the strengths of social physics is its ability to foster collaboration and
creative problem solving across disciplines; due to its underlying reliance on
first-order logic predicates as opposed to statistical models, researchers and cre-
ators of various backgrounds can leverage this authoring paradigm to develop
immersive, rich interactive experiences. However, there is a learning curve to
the authoring process, which means it will be important to produce effective
authoring tools and learning materials that can address the particular difficul-
ties involved in social physics authoring. In this paper, we have compiled data
from previous authoring collaborations in order to codify and analyze the most
persistent and troublesome challenges in social physics authoring pedagogy. We
have also introduced our tutorial game design, which will minimize the feedback
loop and gradually introduce player-authors to Ensemble paradigms in intuitive
ways, directly addressing the challenges laid out in the paper through the design
choices enumerated. With our analysis of pedagogical challenges complete and
the tutorial game designed and prototyped, our next step will be to complete
development of the game and submit it to user testing and user studies, adjusting
game elements as necessary based on user feedback and success studies.
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Abstract. In this work, we created an interactive fiction experience
designed for two players. We designed it so that players would feel that
they were at the same time the protagonists of the story yet different
characters. We incorporated mechanics that explore some of the classic
features of tabletop role-playing games as the existence of public and
character-specific private information and the sharing of a space outside
of the instance where players can discuss and make decisions together
out of character. Our project promotes cooperation between players and
their engagement with the multiple information spaces while keeping
the experience fun and interesting. Our evaluation revealed players were
very much interested in the prospect of a multiplayer interactive fiction
experience and overall appreciated it. However, it quickly came forward
that players were having difficulty keeping track of all the different pro-
vided dimensions of information. As a result, our model includes mechan-
ics that guide the players’ attention, improving their enjoyment of the
experience and helping them to follow and understand the story. This
work demonstrates it is possible to create a multiplayer interactive fic-
tion experience using our public/private information paradigm. By cat-
egorizing the information while crafting the story, we can incorporate
mechanics that help guide the players’ attention while being especially
careful that players do not feel forced to take specific actions as their
character.

Keywords: Multiplayer - Interactive-fiction - Interactive-storytelling

1 Introduction

For a long time, people have been using storytelling as a way of entertainment.
In recent years, Tabletop Role-playing Games (TTRPG)! have felt a resurgence
in popularity [5,6]. It is not far-fetched to assume that, under the right orien-
tation, TTRPG players would also enjoy partaking in Interactive Fiction (IF)2.
Some TTRPG feature the possibility of separating private information and pub-
lic information, i.e., a player has access to certain information based on their

! Tabletop Role-playing Games: a form of role-playing game in which the partic-
ipants describe their characters’ actions through speech.

2 Interactive Fiction: a software simulating environments in which players use text
commands to control characters and influence the environment.
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character and the information that makes sense their character to know while
keeping it private from other player characters. This happens while simultane-
ously having the players share the same table and talk with each other, both
in character and out of character, giving them the chance to share their private
information. TTRPG also have a very strong social component. Being able to
play with your friends enhances the experience in a very significant way. Being
able to play these kinds of games with a heavy focus on story creation where
the player takes an active part but is at the same time interacting with other
players as they wish to is something not many digital games have been able to
emulate. This act of communication and companionship helps build new rela-
tionships and create greater investment in the characters and story. For these
reasons, we propose the creation of a new interaction paradigm that fulfills these
requirements and offers a fully fleshed-out two-player experience in the form of
interactive fiction.

2 Multiplayer Interactive Fiction

In most story-driven digital games, players interact with their environment at
their own pace. In multiplayer games, players that are sharing a scene are usually
prompted to interact with the game at the same time (for example, after a cut
scene in the game A Way Out?). In text-based interactive fiction, this becomes
harder to implement because reading a passage of text does not take the same
amount of time for everyone. Games like Monster Prom* deal with this issue by
having players play in turns. Another issue with multiplayer interactive fiction is
that stories that are designed for multiple players are harder to write. Conven-
tional stories have one single protagonist and the story revolves around them and
their decisions. Storylines branch out with one single character making choices.
With the inclusion of more than one character acting independently, many new
iterations of the story are necessary that the author must account for, increasing
writing difficulty. The problem becomes how to design a good experience that
uses this new information paradigm and is engaging for multiple players playing
experiencing the same story line while in control of distinct characters.

3 Interaction Paradigm

Our main objective is to develop a short narrative experience based on the fol-
lowing private vs public information paradigm (see diagram in Fig. 1). We will
use a ‘couch co-op’ approach, where players have access to a shared computer
screen and an individual phone screen that also acts as a controller. We will
focus on the interaction between two players, each controlling a different char-
acter. There is a public space that is public to both characters and players. It
consists of a shared screen. Whatever is displayed on the screen is known by both

3 A Way Out, https://www.ca.com/games/a-way-out. Last accessed May 19, 2021.
4 Monster Prom, http://monsterprom.pizza. Last accessed May 19, 2021.
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Fig. 1. Interaction model.

characters and can be read by both players. There is a semi-private space that
is public for the players, but private to the characters. It consists of the phys-
ical space the players share (e.g. sharing a room or communicating via a voice
call). Players use this space to discuss strategies or the story as it progresses,
and influence their character’s behavior, but this is private information to their
characters. Finally, there is a private space that is private to the players and
characters. This is represented by each phone screen. Whatever is displayed on
the phone is private information that the respective player and character know
but is private to the rest of the players and their characters.

4 Related Work

4.1 Shared Screen Multiplayer Games

We started by analyzing common practices in multiplayer digital games that
have a strong focus on the story while running on a single screen. We studied a
selection of games, e.g. A Way Out, Eon Altar® and Monster Prom. From this
analysis, we extracted some preliminary guidelines: using a divided screen where
players focus on their own character but are aware of what the other player is
doing because it is always visible on the screen; more dramatic scenes can be
highlighted by being given a greater area on the screen and occasionally players
can join in a single frame when their characters are close and participating
together in a scene; using a single screen shared by all players with the addition
of an extra screen per player as a way to convey private information; a single
shared screen that is used, in turns, by all players where they can always see

5 Eon Altar https://eonaltar.fandom.com, Last accessed May 19, 2021.
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the actions taken by the currently playing character, without the possibility of
interference.

4.2 A Framework for Multiplayer IS Interactions

In [8,9], Spawford and Millard analyze multiplayer experiences in a narrative
context and define an explicit framework with which we can describe these inter-
actions. They divide the set of characteristics into general, recipient and ini-
tiator characteristics. The first category identifies interaction and the other two
are specific to the players. A player is said to be a recipient if he is affected by
the action of another player and an initiator if it is their own action that trig-
gers the interaction. For general characteristics, they specify likelihood, type,
and synchronicity. For recipient characteristics, they specify explicit awareness,
deductive awareness, and initiator identifiability. For initiator characteristics,
they specify explicit feedback, deductive feedback, and recipient identifiability.
We will use this framework to characterize the players’ interactions in our game.

4.3 Multiplayer Interactive Fiction Experiences

In this section, we review a few examples of experiences in IS especially designed
for multiplayer play.

Card Shark [1] is a sculptural hypertext® tool that resembles a card game.
Players have a set of nodes, where each node is represented by a card with a
text summary. At first, all cards are connected. The structured story is built by
removing unwanted or impossible connections between cards. Social Shark [1]
is an extension of this concept, taking the same basic ruleset but adding a new
player. In Social Shark, two players are dealt seven cards each at the beginning
of the game and take turns playing a card. Cards have some points for player
one and some other points for player two, so players must play their cards to try
and get the most points. The game continues as long as players have playable
cards.

StoryMINE [7] models a system capable of developing Interactive Fiction
based on MINE(Multiplayer Interactive Narrative Experiences) and sculptural
hypertext. All nodes begin connected but have conditions that eliminate these
connections when they are not possible. The system allows the players to have
inter-player agency and multiplayer differentiability by having the players par-
ticipate in the same story, share a reading state and have their actions affect the
story nodes available to other players. The system specifies roles to determine
what part of the story each player character is experiencing. They identified two
problems developers should watch out for. Starvation occurs when two players
are participating in the story and one player finishes reading their section before

5 Hypertext is text displayed on a display with references (hyperlinks) to other text
that the reader can immediately access. Sculptural hypertext is proposed as an
alternative domain for hypertext writing, proceeding by the removal of links rather
than by adding links to an initially unlinked text.
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the second: the second player will be starved of agency over the story. A way
to prevent starvation is to employ gating, i.e. the system stays on hold until
both players have finished their sections and choose to progress. However, the
employment of gating creates deadlocks: when one player finishes reading their
section before the other player, then the first player will experience a deadlock,
i.e. they won’t be able to proceed until the second player finishes reading their
own section, leaving them stuck without anything else to do.

5 Approach

We decided to create an interactive fiction experience that runs for approxi-
mately 40 min where two players play simultaneously, each having a different
character. We constructed a short story that follows three housemates that do
not take each other too seriously. Players control two of these friends while trying
to coordinate a surprise birthday party for the third friend, choosing the per-
fect gift for the occasion. The story is divided into three parts: a shared section
where players meet and discuss together the upcoming party, a split section
where each character goes to a different store to buy a birthday present and
possibly a birthday cake, moving separately, and a final scene where the players
are back together with their friend for the party and gift exchange.

The story encourages players to cooperate. We separated public from private
information: the players are presented with information privately that directly
results from their interactions with the virtual world of the story - this can
come from dialogue with Non-Player Characters (NPC), character’s emotions,
thoughts, etc. They can choose to share this information with the other player
either in its entirety, partially or not at all. This, of course, will influence the
possible choices the players have in future interactions based on their knowledge.
The story progresses and depending on the choices and coordination of the play-
ers, different endings are possible. If the players play as intended, coordinating
their efforts for the birthday party, they might unlock an ending where they
throw the best birthday party of all time. If the players fail this cooperation or
one player tries to misguide their partner, they might end up picking a bad gift
or there might not be a birthday cake at the party.

The players both share a screen but all their inputs are collected through an
application that runs on the player’s phone and collects the player’s choices in
the story. When they are sharing a scene, the public outputs can be displayed
simultaneously for both of them but their decisions are kept private by the
system. This allows for verbal communication so that the players can strategize
their choices or turn the experience into a competition.

6 Prototype

6.1 Story

The story follows a typical branch-out format applying the foldback strategy [2].
Players can diverge through the story and meet up in key moments. There are



An Approach to Multiplayer Interactive Fiction 53

PUN
Server
ink files [Application|

P I aye r I d You and Alex exchange a

look. Claire is a known
chocoholic. Unfortunately,

o [
CETEE T there's no chocolate in sight!

v
Private
Information

-I Continue

Continue

j

Private
Information

Public Information

Fig. 2. A (left) - architecture. B (middle) - character selection on private interface. C
(right) - communicating private information during the game.

shared scenes, equivalent to foldback nodes, and separated scenes, equivalent to
divergent nodes. We include the following interactions in accordance with the
framework by Spawford and Millard [8,9]. Regarding general characteristics, we
have possible likelihood for interactions that happen between players in different
scenes, interactions will be both mechanical, informational and synchronous.
For recipient characteristics, recipients will have possible explicit awareness,
always possible deductive awareness, and the initiator will be always identifiable.
Regarding the initiator characteristics, we have possible explicit feedback, always
have deductive feedback and the recipient is always identifiable. We also include
interactions between the two-player characters, between the players’ characters
and another non-player character at the same time, and interaction between each
playable character and an NPC, without the other character being present.

We opted to use Ink” to create our story scripts. We created two different
types of ‘ink’ files to separate private from public information. These files share
the same number of lines so they can progress simultaneously. Players progress
line by line, giving explicit feedback for the file to continue to avoid deadlocks.

6.2 Application

We developed our application using Unity® (see Fig. 2A). To set up a server and
establish connections between the user controllers and the application running
the experience, we set up a Photon Unity Networking (PUN) application with
the Photon Engine®. Then, we launch two instances of the application - one

7 Ink, https://www.inklestudios.com /ink/, Last accessed May 19, 2021.

8 Unity, https://unity.com/, Last accessed May 19, 2021.

 Photon engine, https://www.photonengine.com/en-US/Photon, Last accessed on
May 19, 2021.
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for the shared information (main application) and one to receive the private
information and collect user inputs (worker application).

The worker application, starts by asking the players to select their character
(see Fig.2B) and then connects to the server. The application displays private
information and choices to the player, if available. If there are no choices, the
application still displays the private text but only shows a button with the
instruction continue (see Fig.2C). When the player makes a choice or decides
to continue, the worker application notifies the main application. The worker
application is built to run on Android platforms, and optimized to run on smart-
phones.

Regarding the main application, it is responsible for starting the experience
and the PUN server. On the first scene (shared) the application loads the ‘ink’
scripts and, once loaded, the application sends the current passage of the story
and the possible choices to the players. At the same time, it must update the
shared interface to display the sprites of the characters as well as the current
text on the public script. Afterward, it awaits feedback from the players. An
example of the shared interface for a shared scene can be viewed in Fig. 3A.

This is followed by a split scene, where the characters are separated in the
story space. The structure of this scene is somewhat similar to a shared scene,
the difference being the presence of two distinct public information sources. Since
the characters are separated, the application only has to wait for the answer of a
player to update the story state of that player. Once a player finishes their story,
the main application must make that player wait until the other player finishes
their story. Once both players are done, the application must ensure the loading
of the next scene. An example of the split interface can be viewed in Fig. 3B.

The final scene is identical to the first, a shared scene with the exception
that previous choices carry over to it. Everything else executes exactly like the
first scene. Once the ‘Ink’ scripts are finished, the story ends.

7 Evaluation

7.1 Experimental Procedure

Our prototype was designed to be tested in a ‘couch co-op’ setting, however, due
to the pandemic situation that coincided with the period of development of our
work, we adapted the procedure. We set up the experiment to be played during
a peer-to-peer call (over Skype, Discord, or equivalent). The main application
is running on the test supervisor environment and its screen is shared with
the players. Each player has the worker application running on their phone.
Communication between players is possible at all times - just like it would be if
players were in the ‘couch co-op’ condition.

Before starting the test, the participants fill the demographics section of the
questionnaire: gender, age, reading habits and opinions, and experiences with
interactive fiction in digital games. Players are then given a brief description of
the experience and instructed on how to start. During the experience, the super-
visor listens and takes note of the following metrics: the interactions between
players - if players were communicative with each other or not and how this
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varied with the different scenes, as well as the questions asked to the supervisor
regarding the application. Other metrics are being automatically recorded by the
application, namely the average and maximum time a player waits for the other
player’s response for the story to progress. After the experience is complete, the
players are asked to complete the second part of the questionnaire. This section
includes the modules sensory and imaginative immersion, negative affect and
positive affect from the core module of the Game Experience Questionnaire [4].
We also included the entirety of the social presence module to assess how the
players felt about the joint experience. This module of the questionnaire encom-
passes psychological involvement, both empathy and negative feelings as well as
behavioural engagement. We also included some simple questions to determine
how well the paradigm was perceived by the players. After the questionnaire is
complete, we conducted a short semi-structured interview with the participant.
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7.2 First Experiment

During our first experiment, we had 12 participants in pairs. All players had
some degree of familiarity with their counterparts to help motivate communica-
tion between players. On average, the experience took 45 min to be played from
beginning to end. Since our sample size is not comprehensive enough, we opted
to use non-parametric statistics over our results. Table1 depicts the median,
minimum, and maximum results from the Questionnaire. These results range
from 0 to 4 points and the player’s score on each category is determined by their
average score on all items of that category [4]. We achieved positive results in
overall categories as expected. Players also considered they understood the dual
interface architecture.

Table 1. Results from the first group of participants.

Median | Min | Max
Positive Affect 3.10 2.4013.80
Negative Affect 0.50 0.00 | 2.00
Sensory and I. Immersion | 2.75 1.50 | 3.67
Empathy 2.29 0.86 | 3.29
Negative Feelings 1.17 0.00 | 2.67
Behavioural Engagement | 2.06 1.50|3.25

The majority of players appreciated the metaphor and praised the concept:
11 out of the 12 players complimented the novelty of the experience. However,
many expressed concern over the overwhelming amount of information presented
to them, especially during the separated scenes. We asked them if they tried to
follow along with the other player. The majority of players said they did not.
Out of the 6 groups, only one tried to choose adequate gifts with each other.
In situations where one player finished the scene before the other, they started
reading the other’s scene. We asked if it was hard to keep track of both interfaces
at the same time. Players uniformly agreed that it needed a lot of effort and even
then it was not clear where they should be looking. Many players gave suggestions
such as adding a sound effect or vibration effect that would help guide the players’
attention or some visual indication to both players when feedback is expected.
Aligned with the answers to the previous questions, players had no idea of the
actions taken by the other player’s character in the separated scene. Apart from
that, players considered they had a good understanding of the other player’s
character’s actions.

While playing the story, we had a varying range of interaction behaviors.
Some participants spent the entire experience talking about the story while
other groups said nothing at all. Even among the groups that communicated,
not all tried to achieve a good outcome by discussing their choices. We asked the
players what interfered with this communication and what could have been done
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differently to promote communication. Some players answered they did not feel
it was necessary to communicate, they enjoyed playing the interactive fiction as
it was. We postulate that, since we are exploring a new concept of interactive
fiction that most players had not tried before, these groups that did not display
much interaction were focused on how their in-story interactions influenced the
story’s outcome and for that reason tended to ignore the possibility of verbal
interactions. These results, although positive, prompted some changes on our
approach.

7.3 Prototype Improvements

A common complaint users had at first was about the difficulty they felt when
shifting their attention between interfaces while playing through the story. To
make the new information more noticeable on the shared screen, we implemented
a flashing effect when new lines of text appear. The new lines are also presented
in a different color (yellow) from the older lines. To notify the player of new
information on the phone, we implemented vibration. This feature is present
in both the shared scenes as well as the split scenes since it is private to each
player, i.e. only the player holding the phone is notified by its vibration. We also
implemented a feature that consisted of visual thought bubbles in the shared
scenes: whenever a user receives private information on their private interface,
a thought bubble pops up above the corresponding character and it stays there
until the player gives feedback. This way, the players have an idea of where
to look and know why the story isn’t progressing in the case that one of the
characters is “still thinking”. This does not apply to the split scene. We also
included a new passage in each script during the split scene to encourage players
to verbally communicate with each other. At a certain point, characters will think
something along the lines of “I wonder what the other character is buying...”.
All playable characters will have this thought at one point or another.

7.4 Second Experiment

We tested our new version with 6 new pairs of participants. The duration of the
experiment was aligned with the values from the first experiment. Results for
the GEQ were again positive and we registered a noticeable increase in empa-
thy, which was supported by a Mann-Whitney U-Test (U = 38.00, p = 0.049)
(Table 2). This suggests the new features we implemented in our prototype could
help promote empathy between players. Players grasped the concept behind the
dual interface, however, some participants felt the private interface was actively
trying to push towards certain choices - quoting one participant, when trying
to explain what was being presented to him on his phone interface: “The infor-
mation on my phone was directed more for my character and to influence my
choices.”. A possible explanation is that because we are now guiding where the
players should look for novel information, this might have lead players to feel
being manipulated in some capacity.
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Table 2. Results from the second group of participants.

Median | Min | Max
Positive Affect 3.50 2.80 | 4.00
Negative Affect 0.63 0.00|1.25
Sensory and I. Immersion | 3.17 1.334.00
Empathy 2.71 2.00 | 3.86
Negative Feelings 1.33 0.33]2.83
Behavioural Engagement | 2.50 1.75|3.75

We asked players what interface they paid more attention to. Responses were
mixed. Some players paid more attention to their own private interface while
others paid attention to the shared interface. In this second experiment, we got
8 out of the 12 players answering that they paid attention to both interfaces
in equal parts — which supports the adequacy of vibration and thought bubbles
- although they admit it is still a bit tiring looking from one interface to the
other. Many players confessed it was hard to keep track of both interfaces since
the shared information moved so fast and a bit taxing looking from one screen
to the other. Other players said the fast movement of information was not that
disruptive since the screen still kept the info for some time. Players pointed out
that, at some points, the experience showed prompts simultaneously on both
screens and they considered this behavior to be confusing.

Many more groups confessed to being attentive to the other player’s behavior
during this round of testing. Players that answered they paid attention to both
characters and recalled specific details about these scenes were also the players
that reported paying attention to both interfaces at the same time. Players that
weren’t paying attention to the other admitted that it is taxing trying to pay
attention to both shared screens, especially when their counterpart is not doing
the same. When asked if they understood all actions taken by the other player’s
character, answers followed the same pattern from the first experiment. People
understood the actions taken by the other character, but were apprehensive
about the origin of other player’s actions.

We also inquired players about how they felt regarding their verbal inter-
actions and what could be done to improve these interactions. Many players
expressed that they did not know they were allowed to talk outside of their char-
acters. Players felt like communication was not necessary to play the story. Other
players still had this communication happen, as before, which helps support our
thesis that players can still communicate and this factor is more dependent on
the player’s personality.

We asked if they felt the vibration and thought bubbles were useful in guid-
ing the players’ attention. Regarding the vibration, the players’ reactions were
mixed. Many found it too disruptive to the experience since the vibration was
a little bit stronger in some devices than we intended it to be. Other play-
ers thought it was helpful to notify them of new information available on the
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phone. To what concerns the thought bubbles, we instructed players to disable
them during the story at least once, even if they decided to enable them again
later, so they would experience both iterations. Most players (4 out of the 6
groups) enabled the thought bubbles again after having them disabled. Players
thought the thought bubbles helped provide feedback on why the players might
be waiting. This helps us support the proposition that this feature was way more
informative than distracting.

8 Closing Guidelines

In this paper, we explored a new paradigm for multiplayer interactive fiction. We
developed a prototype to test our hypothesis and conducted two rounds of tests
with players, implementing mechanisms to help guide the players’ attention. We
concluded that these changes harbored improvements in the overall experience.
As a final conclusion of our work, we defined some simple guidelines a project
similar to the one we tried to develop should follow to be successful, according
to our experience:

— Separate public and private information;

— On split scenes, public information should be described as if it was being seen
from a ‘faraway’ perspective;

— Create a story in a foldback strategy - players should meet on the same shared
scene from time to time;

— Pay attention to starvation and deadlocks, while trying to minimize the input
needed from the player - our passages prompted the player to spam the “con-
tinue” button without much regard to what was written on one of the two
interfaces; personalize feedback instructions - players got tired of pressing
“continue” over and over.

— Keep short story segments grouped by space, i.e., public or private, in longer
story segments - i.e., when instructions are showing up on one screen, the
other should not be getting new instructions simultaneously. Do not show
new information on both screens at the same time, players will not know
where to look.

— Try to keep the story segments the same size for both players, i.e. each passage
takes roughly the same time to read. This will help bridge the impact of
starvation and deadlocks. Make sure the size of the story segments is not
dependent on the players’ choices during split scenes, otherwise, players may
get very different story lengths, creating long waiting times for one of the
players.

— When displaying information on a different screen from the previous screen
information was displayed on, warn the player. In our work, we used vibra-
tion and thought bubbles to help guide this attention. These changes greatly
improved our players’ comprehension of the story.

For more implementation and evaluation details, please refer to [3].
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Abstract. Branching narratives are interactive storytelling formats
that present players with moments of decisions that create ramifications
within the narrative. However, it is after delivering the consequences that
they get a chance to reflect upon them. Through ‘actions’ and ‘inactions’,
feelings of regret are created within the player, which makes them want
to replay the game. Based on the Psychology of regret, this study tests
the possibility of conveying more replay value to an interactive story-
telling game by providing feedback to those irreversible ‘inactions’. To
evaluate our approach, we asked 64 participants to play one of two game
versions (with the feedback system or without) and report their experi-
ence. Results show the feedback of inaction had a positive impact on the
players’ affective reaction, encouraging players who would not usually do
so to replay the game at the expense of players finding it less challenging.
Overall, highlighting the path not taken improved the game experience
without provoking remorse by hinting at what could have happened and
increased the replay value.

Keywords: Regret - Inaction - Replayability

1 Introduction

Storytelling is key to make a game memorable. It gives purpose to the players
from the start and motivates them to play to the end. The decisions taken along
this path help reinforce a sense of agency while limiting the experience to a single
of multiple available paths. While on that path, players are not always aware
of what they ‘missed’ and could have led to a different experience. We believe
providing hints to these alternatives paths during a game helps create a richer
experience by giving context to the choices made in a specific playthrough and
encouraging replay. We hypothesize that showing the consequences and leaving
subtle hints regarding actions not taken (‘inactions’) will suggest to the player
that a different path could have been taken and promote replay value. To evalu-
ate this approach, we developed a short story-oriented game and measured the
impact of having a toggle that would activate feedback for actions the players
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did not take to create more desire to replay the game again and explore differ-
ent outcomes. The feedback was composed of storytelling elements to generate
feelings of regret in the players towards the actions they did not take.

2 Action, Inaction and Regret

In Psychology, there is a difference between the decision to act (action) and the
decision not to act (inaction). One might not consider inaction as a deliber-
ate conscious decision, but it has in fact impact on the world and consequences
and can be seen as even more intentional than action [1,3,7]. For example, ‘inac-
tions’ could be deliberate conscious decisions to do nothing through exerting self-
control to inhibit emotional reactions and automatic responses, whereas action
decisions could reflect impulsiveness, adherence, or primed action, rather than a
deliberate conscious self-directed action [12]. Action-inaction is commonly refer-
enced to blame or negative emotions such as regret. These have been shown to be
important in many aspects of life, including but not limited to decision-making
[5,10,15], self-regulation, well-being, and health [4,16,18].

The action effect [11] is the phenomenon that people tend to feel greater
regret over negative outcomes if they are a result of action compared to inaction.
These findings are also consistent with the notion that people find it easier
to monitor action rather than to monitor inaction. Research on morality has
similarly shown that, when the possibility of a negative outcome exists, people
prefer harm by omission over harm by command, this is, they rather withhold
the truth rather than lie [2,17]. Although actions produce more regret than
‘inactions’, other researchers [19] concluded that the action effect was based
on decisions made in isolation and ignored that decisions are often made in
response to earlier outcomes and the information about a prior outcome was
manipulated. Being that, they defended that when prior outcomes were positive
or absent, people attributed more regret to action than to inaction. However, as
predicted and counter to previous research, following negative prior outcomes,
more regret was attributed to inaction, a finding that the authors in [19] labelled
the inaction effect.

According to regret theory, regret is a counterfactual emotion. However,
not every “might have been” is supposed to produce regret. Regret is assumed
to originate from comparisons between a factual outcome and an outcome that
might have been, had one chosen another action [6,13]. Because one could have
prevented the occurrence of the negative outcome by choosing something differ-
ent, regret is related to a sense of responsibility for the outcome [19]. Regret has
been described as a “comparison-based emotion of self-blame, experienced when
people realize or imagine that their present situation would have been better
had they decided differently in the past” [15]. Alternatively, the attribution of
a given bad outcome can be due to external circumstances and misfortune. To
that externalization of blame is associated with the emotion of disappointment.

There is an instrument for assessing regret and disappointment in decision-
making research: the Regret and Disappointment Scale (RDS) [14]. The
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RDS assesses these two dimensions of a negative emotional experience by mea-
suring the intensity of the affective reaction and then categorizing the type of
emotion experienced based on the cognitive antecedents of regret and disap-
pointment.

Contrary to mere disappointment, which is experienced when a negative out-
come happens independently of our own decision, regret is an emotion strongly
associated with a feeling of responsibility. This emotion is an important factor
in the players’ experience especially when the players have moments of decision
through action and inaction. Ultimately, it leads the players to want to go back
on some of their choices during the playthrough and replay the game in a way
they feel better about the outcome. The question is, when will they feel more
likely to do so, and how does it influence gameplay?

3 “The Ballad of the Wizard and Sacrifice”

o

choose bards

Je 8

aloe choose fisherman

58

mountain

Fig. 1. (left) Abstract branching diagram; (right) Twine story graph.

To test our hypothesis, we developed two different versions of “The Ballad of
the Wizard and Sacrifice”, an original piece of interactive fiction using Twine':
one version provided standard feedback for actions; while the second provided
additional feedback for ‘inactions’ to appeal to the emotion of regret of the play-

ers. This was achieved by manipulating storytelling elements to subtly hint at

! Twine Homepage, https://twinery.org/.
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things that could have happened but are no longer available for story advance-
ment (e.g. having the maid bump into a table and break a bottle filled with
venom that could have been used to poison a particular character in the story).
The idea is to bring to the attention of the players that things have changed and
are no longer available (e.g. they could have picked up the bottle earlier in the
scene but did not, now it is too late). Additionally, through initial playtesting,
we insured that regret was used to make players wonder about their decisions
but not feel bad about the overall play experience, in a manner that would make
them leave the game annoyed or frustrated. Players would play one or the other
version of the game and fill a questionnaire that, in conjunction with logged
information from the game, would help us put our assumptions to the test.

Implementation-wise, the system follows a graph architecture where each
node represents a decision moment in the storyline leading to new decisions and
nodes in the graph (see Fig. 1). We used a world state approach, i.e. by updating
variables based on choice and outputting different text based on the value of these
variables, we kept the number of nodes manageable. The game is structured in
chapters, outlining where branches start and when they join together, while also
serving as starting points for the players’ future replays. Full details regarding
both storyline and implementation can be found in [8].

4 Inaction Feedback System

This section describes how feedback for inaction is introduced algorithmically in
the story graph. This system only applies to important decision moments which
result in different ramifications, depending on the possible action or inaction
of the players. Figure 2 depicts one of those decision nodes (C) (e.g. “you are
in a tavern, what do you do?”). Choosing node (A) represents an action (e.g.
“grabbing the bottle on the table next to you”) while selecting node (I) makes
(A) unavailable to the player in this playthrough (e.g. “leaving the tavern”), and
represents ‘inaction’.

Fig. 2. Adding inaction feedback to decision nodes: the dashed line demonstrates the
traditional approach and the solid line demonstrates the feedback system approach.
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When (A) is chosen, the consequences of the action are directly described to
the player and the story moves forward (e.g. “you grab the bottle and quickly
hide it from sight before anyone notices.”). However, if node (A) is not cho-
sen, and the system realizes (through graph traversal and appropriate tagging)
that node (A) is no longer available to be chosen by the player during this
playthrough, then, before moving to node (I), an extra node (F1) is triggered
that provides feedback regarding the inaction (e.g. “while leaving the tavern,
you see the maid bump unto the table next to you, the bottle that seconds ago
was standing on the table just breaks into tiny pieces, leaving a poisonous odor
in the air”). The intent is to show the player that something important (in terms
of story flow) was (voluntarily or involuntarily) missed by the player, and that
node (A) is now off-limits. Additionally, a node (F2) is created that reinforces
the fact that this option is no longer available to the player (e.g. a new option
available to the player in node (I) is to “examine the broken bottle” that would
lead to (F2) “the bottle is now broken and its foul content lost forever, who
would have left such a bottle unattended?”). Overall, it should be clear by then
that another option was available to be chosen.

After all, (F1) and (F2) nodes are created in the story graph, the story
designer must fill them with adequate content so the system can provide appro-
priate inaction feedback when required. This feedback needs to appeal to the
player’s senses, such as visual cues, sounds, smells, and vibrations.

5 Evaluation

We invited a set of participants to play one of two versions of “The Ballad of the
Wizard and Sacrifice” and answer a few questions. The inaction feedback was
activated in one version and disabled in the other. First, the participants would
answer a set of demographic questions and report their familiarity with inter-
active storytelling. Then, they would play one of the two versions of the game,
as much as they wanted, while the game would be logging their choices and
progression. Finally, they would fill a second questionnaire in which they would
rate their experience with the game and report on emotions related to regret. We
measured the game experience with the Game Experience Questionnaire [9] and
five complementary items of Choice Perception, Narrative Perception, Agency,
Action, and Inaction. The evaluation of the emotions of regret and disappoint-
ment was accomplished using the RDS [14]. Finally, we added questions directly
related to the game story understanding for control. The participants were not
made aware of the manipulation until the end of the experiment. Due to the
constraints related to the worldwide pandemic at the time of the experiment,
this process was conducted remotely. A link was given to each participant, that
would direct them to a website that would guide them, step by step, through the
experimental procedure. The average playing time was 20 min but varied based
on the number of playthroughs.
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5.1 Preliminary Evaluation

A pilot was conducted with 4 participants playing the version with inaction
feedback. This preliminary evaluation assessed the overall experience of going
through the narrative with the inaction feedback and gathered feedback regard-
ing both the game and the evaluation procedure.

Participants expressed a positive feeling while going through the game. The
regret index had a much higher score than the disappointment index, which
means they attributed the consequences of bad outcomes to their own actions.
The experience was overall enjoyable, all participants played the game multiple
times and explored different choices when going through the same decision point.

A potential issue was, however, identified in the procedure. All participants
reported a positive emotion after playing (regarding the overall experience).
Because a participant could have felt regret during a playthrough but being able
to cope with this feeling by addressing the issue in the following playthrough
(maybe motivated to replay because of this same feeling of regret), asking the
question at the end of the experience would have prevented us to detect this
effect. To ensure this was not the case, we decided to ask participants to fill the
RDS items right after the first playthrough and capture the (eventually induced)
emotion of regret after going through the game once.

5.2 Final Evaluation

The final evaluation was conducted with a total of 64 participants, equally dis-
tributed between the two versions: V1 implemented the “standard” approach
and only provided feedback to the actions of the player; V2 provided all that
V1 provided with the addition of inaction feedback based on our model.

Regarding the results from the RDS questionnaire, we found a significant
difference? in affective reaction between V1 and V2 (¢(62) = 2.361, p = 0.021,
Z(V1) = 1.840, 2(V2) = 0.910). Participants felt more positive emotions towards
V2 and more negative emotions (e.g. sadness, sorrow) towards V1. This could be
a result of the players in V1 having less feedback that would provide them with an
explanation for the outcome of their actions and ‘inactions’. Such feedback would
provide them with immediate hints to courses of actions that could change or
prevent that outcome. In opposition, the feedback provided in V2 helped players
better understand their choice, and could have provided them with a stronger
feeling of closure. We found moderate similar feelings of both regret (Z(V1) =
1.953, z(V2) = 1.750) and disappointment (Z(V1) = 1.844, £(V2) = 1.734) in
both versions.

Results gathered from the game logs (see Fig.3) showed more participants
replayed the game in V2 but fewer endings were reached. In opposition, in V1, a
greater diversity of endings was explored, but with fewer participants achieving

2 Independent t-tests were used when comparing distributions that both passed the
Shapiro-Wilk normality test and a Mann-Whitney U test were used when one of the
distribution did not. The test were performed with IBM SPSS 26.
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them. On one hand, individual preferences of the participants manifested them-
selves, e.g. some participants were completionists and wanted to achieve all that
is to achieve in the game, no matter what. On the other hand, hinting at what
could have been done, to pique the curiosity of the players, appears to have
motivated them to replay the game multiple times. When providing inaction
feedback, an important guideline is to maintain uncertainty about the outcome
of that alternative path, so that players want to replay the game to discover the
unknown parts of the now revealed alternative path.
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Fig. 3. Distribution of the number of endings reached.

In terms of game experience, there was no significant difference between
the two versions of the game on the dimensions measured by the GEQ. Overall,
the experience was rated as moderately positive.

6 Discussion

In this section, we discuss some results related to the participants’ familiarity
with interactive fiction and their inherent preferences regarding this medium.

Players who enjoy and are familiar with branching narratives in video games
and replay them multiple times to get different stories, felt more challenged when
playing V1 than V2 (U = 91, p = 0.022, (V1) = 1.750, (V2) = 0.950). This
might be a result of the richer feedback provided by V2 when compared to V1.
In V1, it is harder to understand the branches the story could take.

Players who do not enjoy interactive fiction or are not familiar with it,
reported feeling more tired in V1 than V2 (U = 44, p = 0.009, (V1) = 0.920,
Z(V2) = 0.290). The feedback given in V2 provided with a more enjoyable ride
for these participants, who are not fully aware of what characterises the genre.

Players who reported replaying this type of games more than once, got to
play at least thrice and felt V2 better conveyed the consequences of their actions
than V1 (¢(33) = 2.371, p = 0.024, z(V1) = 2.160, £(V2) = 2.940). However,
they also reported feeling more irritated toward V2 than V1 (U = 61, p = 0.029,
Z(V1) = 0.330, 2(V2) = 0.790). This could be the consequence of V2 regularly
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pointing that something could have been done differently and they would have
to go through the game once more to experience it, which moves the 100%
completion goal post further away at each game iteration. This feeling could
have been amplified by the repetitive nature of the text-based interface of the
game although players were not forced to go through the game from the start,
and could resume at the start of any previously visited chapter.

Players who do not feel the need to replay these games after a first
playthrough reported a lesser sense of agency in V2 than V1 (¢(27) = 2.705,
p = 0.014, (V1) = 3.038, z(V2) = 2.094). This could be related to the fact
that pointing out what could have happened differently to a player that has no
intentions of replaying the game can have a negative impact on this dimension
of the experience. Additionally, when considering these same players, we found
that more played the game just once in V1 than V2 (U = 46, p = 0.007, (V1)
= 0.670, z(V2) = 0.170). As such, providing inaction feedback could motivate
such players to replay the game at least a second time. Furthermore, we found
that, although they had the option to restart from any chapter, these partici-
pants actually replayed the game from Chap. 1 more often in V2 than in V1 (U
= 184, p = 0.050, Z(V'1) = 0.280, £(V2) = 0.050).

Finally, participants who played through the game only once found V2 more
impressive than V1 (¢(22) = 2.305, p = 0.031, (V1) = 1.210, z(V2) = 2.140).
As such, inaction feedback may help with first impressions.

7 Conclusions and Future Work

This research assessed the possibility of motivating players to replay a story-
oriented digital game by bringing attention to both the actions as well as the
‘inactions’ of the player. To that end, two versions of a piece of interactive fiction
were developed and compared to measure the impact of highlighting the path
not taken on replay value. The narrative was written in such a way that feedback
would always be provided each time a decision of the player would make a branch
in the story graph inaccessible to that player.

Results from a study with 64 participants suggest the approach improves the
affective reactions of the players. Even if highlighting the path not taken was not
always able to promote actual replay, the use of this regret-based approach was
able to improve the game experience without creating remorse in the players.
Players became more aware of the impact of their in-game behaviour which added
replay value, whether the player actually decided to go through the game once
more or not. We additionally found evidence supporting this approach could lead
players that usually do not replay such games to actually traverse them multiple
times, as the approach makes the experience less tiresome and more impressive.

Further research is still needed to better understand (1) how specific forms
of feedback could be used more effectively based on player typology, as not all
types of feedback work equally on players with different preferences regarding
this genre of games; (2) how we could model those forms of feedback as reusable
patterns (e.g. “an important object which has been broken and cannot be used
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anymore” could be a pattern) in order to be used by narrative designer in their
own story/game or by an artificial intelligence to automatically enhance a story
graph, and, ultimately, (3), check if this general principle could be transferred,
in some way, to other genres and domains.

Acknowledgment. This work was supported by national funds through Fundagao
para a Ciéncia e a Tecnologia (FCT) with reference UIDB/50021/2020.

References

10.

11.

12.

13.

14.

15.

Albarracin, D., Hepler, J., Tannenbaum, M.: General action and inaction
goals. Curr. Direct. Psychol. Sci. 20, 119-123 (2011). https://doi.org/10.1177/
0963721411402666

Baron, J., Ritov, I.: Omission bias, individual differences, and normality. Organ.
Behav. Human Decis. Process. 94, 74-85 (2004). https://doi.org/10.1016 /j.obhdp.
2004.03.003

Bohner, G., Dickel, N.: Attitudes and attitude change. Ann. Rev. Psychol. 62,
391-417 (2011). https://doi.org/10.1146 /annurev.psych.121208.131609

Connolly, T., Reb, J.: Regret in health-related decisions. Health Psychol.: Off. J.
Divis. Health Psychol. Am. Psychol. Assoc. 24, S29-S34 (2005). https://doi.org/
10.1037/0278-6133.24.4.529

Connolly, T., Zeelenberg, M.: Regret in decision making. Curr. Dir. Psychol. Sci.
11(6), 212-216 (2002). https://doi.org/10.1111/1467-8721.00203

David, B.: Regret in decision making under uncertainty. Oper. Res. 30, 961-981
(1982). https://doi.org/10.1287 /opre.30.5.961

Diefendorff, J., Hall, R., Lord, R., Strean, M.: Action-state orientation: construct
validity of a revised measure and its relationship to work-related variables. J. Appl.
Psychol. 85, 250-63 (2000). https://doi.org,/10.1037/0021-9010.85.2.250

Gamito, S.: Highlight the path not taken to add replay value to a storytelling video
game. Master’s thesis, Instituto Superior Técnico, University of Lisbon (2021)
IJsselsteijn, W., de Kort, Y., Poels, K.: The game experience questionnaire. Tech-
nische Universiteit Eindhoven (2013)

Inman, J., Dyer, J., Jia, J.: A generalized utility model of disappointment and
regret effects on post-choice valuation. Mark. Sci. 16, 97-111 (2000). https://doi.
org/10.1287/mksc.16.2.97

Kahneman, D., Tversky, A.: The psychology of preferences. Sci. Am. 246, 160-173
(1982). https://doi.org/10.1038 /scientificamerican0182-160

Kutscher, L., Feldman, G.: The impact of past behavior normality on regret: repli-
cation and extension of three experiments of the exceptionality effect. Cogn. Emot.
33, 901-914 (2019). https://doi.org/10.1080/02699931.2018.1504747

Loomes, G., Sugden, R.: Regret theory: an alternative theory of rational choice
under uncertainty. Econ. J. 92, 805-824 (1982). https://doi.org/10.1287 /opre.30.
5.961

Marcatto, F., Ferrante, D.: The regret/disappointment scale: an instrument for
assessing regret and disappointment in decision making. Judgm. Decis. Mak. 3,
87-99 (2008)

Pieters, R., Zeelenberg, M.: A theory of regret regulation 1.1. J. Consum. Psychol.
17, 29-35 (2007). https://doi.org/10.1207/s15327663jcpl1701_6


https://doi.org/10.1177/0963721411402666
https://doi.org/10.1177/0963721411402666
https://doi.org/10.1016/j.obhdp.2004.03.003
https://doi.org/10.1016/j.obhdp.2004.03.003
https://doi.org/10.1146/annurev.psych.121208.131609
https://doi.org/10.1037/0278-6133.24.4.S29
https://doi.org/10.1037/0278-6133.24.4.S29
https://doi.org/10.1111/1467-8721.00203
https://doi.org/10.1287/opre.30.5.961
https://doi.org/10.1037/0021-9010.85.2.250
https://doi.org/10.1287/mksc.16.2.97
https://doi.org/10.1287/mksc.16.2.97
https://doi.org/10.1038/scientificamerican0182-160
https://doi.org/10.1080/02699931.2018.1504747
https://doi.org/10.1287/opre.30.5.961
https://doi.org/10.1287/opre.30.5.961
https://doi.org/10.1207/s15327663jcp1701_6

70

16.

17.

18.

19.

S. Gamito and C. Martinho

Roese, N.J.: Counterfactual thinking. Psychol. Bull. 121, 133-148 (1997). https://
doi.org/10.1037/0033-2909.121.1.133

Spranca, M., Minsk, E., Baron, J.: Omission and commission in judgment and
choice. J. Exp. Soc. Psychol. 27, 76-105 (1991). https://doi.org/10.1016/0022-
1031(91)90011-T

Zeelenberg, M.: Anticipated regret, expected feedback and behavioral decision-
making. Other publications tisem, Tilburg University, School of Economics and
Management (1999). https://EconPapers.repec.org/RePEc:tiu:tiutis:38371d1b-
31fd-45b0-860f-b83ade416fbf

Zeelenberg, M., van den Bos, K., Dijk, E., Pieters, R.: The inaction effect in the
psychology of regret. J. Pers. Soc. Psychol. 82, 314 (2002). https://doi.org/10.
1037/0022-3514.82.3.314


https://doi.org/10.1037/0033-2909.121.1.133
https://doi.org/10.1037/0033-2909.121.1.133
https://doi.org/10.1016/0022-1031(91)90011-T
https://doi.org/10.1016/0022-1031(91)90011-T
https://EconPapers.repec.org/RePEc:tiu:tiutis:38371d1b-31fd-45b0-860f-b83a4e416fbf
https://EconPapers.repec.org/RePEc:tiu:tiutis:38371d1b-31fd-45b0-860f-b83a4e416fbf
https://doi.org/10.1037/0022-3514.82.3.314
https://doi.org/10.1037/0022-3514.82.3.314

®

Check for
updates

Narrative Text Generation
from Abductive Interpretations Using
Axiom-Specific Templates

Andrew S. Gordon®™) and Timothy S. Wang

University of Southern California, Los Angeles, CA, USA
gordon@ict.usc.edu, wangtimo@usc.edu

Abstract. Structured story graphs have proven to be useful for repre-
senting content in pipelines for automated interpretation and narration.
Recent progress on interpretation using logical abduction has made it
possible to construct these representations automatically, and several
methods for converting these structures into narrative text have been
proposed. In this paper, we describe a technical approach to narrative
text generation from structured story graphs that prioritizes simplicity
and ease-of-use, employing full-sentence templates associated with the
specific axioms used to construct graphs during the interpretation pro-
cess. We evaluate our approach using the TriangleCOPA benchmark for
narrative interpretation and text generation, comparing our results to
human-authored narratives and to the results of previous work.

Keywords: Automated interpretation - Text generation - Logical
abduction

1 Introduction

A popular approach in research on narrative text generation is to first represent
story content formally as symbolic structures, which are then converted into nat-
ural language text using a variety of approaches. Elson [2] proposed the Story
Intention Graph as a formalism for encoding the interpretation of stories as
symbolic causal structures, reminiscent of the Causal Network Model of psychol-
ogists Trabasso and van den Broek [18]. Using a software tool for hand-authoring
these representations [3], different research teams have succeeded in authoring
sizable corpora of story representations, and devising novel algorithms for con-
verting these representations into fluent natural-language texts [2,12]. Although
these text-generation systems are typically quite sophisticated in their use of
numerous grammatical subsystems and lexical resources, the overall lesson from
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this line of research is that fluent narratives can be automatically generated if
a rich structured representation of the story can be provided by some upstream
interpretation process.

Current systems that attempt to automate the interpretation process have
their roots in the work of Hobbs et al. [10], who proposed that language interpre-
tation could be cast as a problem of logical abduction. In logic-based reasoning
systems, abduction is viewed as a search for the optimal set of assumptions that,
if true, would logically entail a set of observations, given a knowledge base of
axioms. Hobbs et al. [10] proposed a cost-based method for finding and ranking
solutions, where the initial costs assigned into input observations are transferred
to antecedents by back-chaining on definite clauses in the knowledge base, i.e.,
weighted abduction. Gordon [4] devised a probabilistic alternative to weighted
abduction, etc.etera abduction, where the conditional probability of the conse-
quent in a definite clause, given the antecedent, is reified as etc.etera literals [9]
included in the antecedents of every knowledge base axiom. Back-chaining from
observations, solutions consisting entirely of etc.etera literals can be ranked by
their joint probability. Although finding an optimal solution via logical abduc-
tion requires an intractable combinatorial search process, Gordon [5] devised an
incremental algorithm for etc.etera abduction capable of handling large inter-
pretation problems.

While the idea of interpretation as logical abduction grew out of compu-
tational linguistics, its applicability to narrative interpretation, more broadly,
has been demonstrated in several previous efforts. Gordon [4] applied etc.etera
abduction to answer commonsense interpretation problems in the TriangleCOPA
benchmark [13], consisting of 100 micro-narratives involving three characters.
Gordon [5] applied incremental etc.etera abduction to observable events in the
interpretation of the Heider-Simmel film [7], a narrative that is ubiquitously used
as a stimulus in social science research. Gordon and Spierling [6] demonstrated
how etc.etera abduction could be used for creative narrative interpretation, in
the context of a storytelling party game. In each of these efforts, etc.etera abduc-
tion produces structured story graphs than can serve as input to downstream
narrative text generation systems.

In systems that convert structured representations into natural language text,
much of the linguistic complexity arises when composing sentences from multiple
nodes in the story graph. For any single node in the graph, a trivial template
system is sufficient to produce a fluent sentence or clause. When composing sen-
tences from content across connected nodes, however, the text generation system
must be sensitive to a myriad of linguistic concerns, from lexical choice in subor-
dinate clauses, unambiguous use of pronouns, and conjoining noun phrases that
share a semantic role in the output sentence. Ahn et al. [1] showed previously how
these complexities could be mitigated using the approach of over-generating and
ranking. In their method, many possible grammatical rules for combining clauses
from connected nodes are exhaustively applied to generate candidate sentences,
which are then ranked for fluency using a probabilistic syntactic parser.

In this paper, we explore an alternative approach to this problem that avoids
the grammatical complexity of combining phrases altogether, by associating tex-
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tual templates directly with the axioms used to assemble the story graph in the
first place. Using axiom-specific templates, we show that a trivial template sys-
tem with simple manipulations for noun phrases is sufficient to generate text from
formal story graphs that is as fluent as those produced by previous approaches.

2 Axiom-Specific Templates

The basic idea in our narrative text generation approach is to utilize sentence-
length templates that are specific to individual knowledge base axioms, rather
than trying to assemble grammatical sentences from groups of connected nodes
in the structured interpretation graph. The rationale is that the knowledge base
axioms used to construct the interpretation graph already identify a coherent
set of interrelated nodes (logical literals) during the search process. When an
axiom participates in building the interpretation, its constituent literals (and
their variable bindings) provide all the necessary information to express the
inference as a fluent natural-language sentence.

To illustrate this idea, consider the following knowledge base axiom, used by
Gordon [4] to correctly answer question 83 of the TriangleCOPA benchmark.

(if (and (attack’ 7el 7y 7z)

(1ike’ 7e2 7x 7z)

(etc3_angryAt 0.9 7el 7e2 7e 7x 7y 7z))
(angryAt’ 7e 7x 7y))

This axiom captures the commonsense idea that if somebody attacks some-
one that you like, then you are likely to be angry at the attacker. During the
interpretation process, this axiom would be used to replace an assumption that
unifies with the consequent with the three assumptions in the antecedent, along
with the necessary variable substitutions. In a subsequent narration process, a
text template can be used to express this inference as a single sentence.

Due to a fondness for 7z, 7x was angry at 7y for the attack.

In order to correctly substitute the variables in an arbitrary template dur-
ing narration, the interpretation system must record variable bindings for all
uses of each axiom in a given interpretation. Conveniently, etc.etera abduc-
tion encodes these substitutions in a unique etc.etera literal that appears in
an axiom’s antecedent, e.g., the literal with the predicate etc.3_angryAt in
the example above. Given the etc.etera literals that constitute a solution to an
interpretation problem, the narration system can select templates and make the
necessary variable substitutions by matching the antecedents in a knowledge
base of textual templates, such as this one:

(if (etc3_angryAt 0.9 7el 7e2 7e 7x 7y 7z)
(text "Due to a fondness for" ?z ","
?x "was angry at" 7y "for the attack."))
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If an etcetera literal in the interpretation matches the antecedent of this
template with substitutions {?x/B0B, ?y/CARL, ?7z/DAVID}, the instantiated
consequence of the text template is inferred:

(text "Due to a fondness for" DAVID "," BOB "was angry at"
CARL "for the attack.")

The particular characteristics of etc.etera abduction, where solutions
uniquely identify all axioms that participated in the selected interpretation,
afford a simple method for instantiating templates via logical inference. How-
ever, the approach is equally applicable to other abductive reasoning methods
[11,14], which may require additional bookkeeping to identify the knowledge
base axioms that participated in the construction of the selected interpretation.
In each case, the basic idea is that the knowledge base axioms are a convenient
target for sentence-level templates that express the important interrelationships
between nodes in the structured interpretation.

3 Proper Nouns, Common Nouns, and Pronouns

After the substitution of bound variables, a text template in our approach will
consist of a list of constants. String constants are the linguistic expressions
included by the author of the template, e.g., "was angry at". Symbolic con-
stants identify entities that were either identified as arguments in the original
observations provided to the interpretation engine, or introduced in the conse-
quence of a knowledge base axiom, e.g., CARL. Skolem constants identify entities
whose existence is assumed as a result of the interpretation process, introduced
when an existentially quantified variable only appears in the antecedent of a
knowledge base axiom, e.g. $4.

Our narrative text generation implementation provides a simple mechanism
for replacing symbolic constants with strings for either the proper noun or a
common noun of the entity, if they are known. Nouns of these types are provided
as logical literals alongside the template axioms, as follows:

(proper_noun CARL "Carl")
(common_noun CB1 "city bus")
(common_noun GROUP7 "management team")

When converting the text literal into an output string, our implementation
will swap symbolic constants for any string constants that have been provided,
favoring proper nouns over common nouns.

For common nouns, our system precedes the reference with an indefinite arti-
cle for its first use in a narrative (“a” or “an”) and a definite article on subsequent
uses (“the”). When a given common noun has previously been used to reference
a different entity in the narrative, an additive determine is used (“another”). A
default common noun of "unknown entity" is used for all Skolem constants.

To enable the use of English pronouns, the pronoun class of any entity can
be provided as additional information.
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(pronouns CARL Masculine)
(pronouns CB1 Neuter)
(pronouns GROUP7 Plural)

When the pronoun class of an entity has been provided, our implementa-
tion will favor referencing it using a pronoun rather than a proper or common
noun, guided by specific directives provided by the template author. Our system
supports pronoun substitution for subjects (he), objects (her), dependent pos-
sessives (their), independent possessives (hers), and reflexive pronouns (herself),
as in the following example:

(if (etc3_angryAt 0.9 7el 7e2 7e 7x 7y 7z)
(text "Due to" DependentPossessive 7x
"fondness for" Object 7z ","
Subject ?x "was angry at" Object 7y
"for" DependentPossessive 7y "attack."))

Our implementation attempts to avoid the introduction of ambiguous pro-
nouns into a narrative, guided by the heuristic pronoun resolution approach of
Hobbs [8]. Specifically, we inhibit the introduction of subject and object pro-
nouns when the entity has not yet been mentioned in the current or previous
sentence, when its pronoun class is the same as another entity in the current or
previous sentence, or when its pronoun class has not yet been revealed to the
reader of the narrative via a possessive or reflexive pronoun substitution.

We provide an open-source C# implementation of our text generation app-
roach alongside one of the existing distributions of the etc.etera abduction algo-
rithm?.

4 Evaluation

We evaluate our approach by directly comparing it to the previous work of Ahn
et al. [1], where over-generating and ranking is used to assemble content from
connected nodes in the story graph into fluent sentences. As in their previous
work, we apply our approach to 100 formal interpretations of problems in the
TriangleCOPA benchmark.

Modelled after the Choice of Plausible Alternatives (COPA) benchmark [17]
that is widely used in computational linguistics research, TriangleCOPA was
conceived as an end-to-end evaluation for systems that jointly perform the tasks
perception, interpretation, and narration. Each of its 100 questions consist of a
sentence describing a situation involving three characters and a common setting,
a question about the commonsense interpretation of the situation, and two plau-
sible answers, where one was uniformly preferred by human raters. Unlike the
original COPA evaluation, each TriangleCOPA question includes an animated
video clip of the situation to support computer vision research on action recog-
nition, a formal representation of the question and each alternative to support

! https://github.com /asgordon/EtcAbductionCS.
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a. Q 5. Insults and yelling flew back and forth as the circle and triangle
argued loudly in the house. Finally, the triangle had had enough
and walked out, slamming the door behind it. As angry as the
circle was at the triangle, it was very sad and knew that this may
be the end of their relationship.

Q 83. The circle is trying to get away from the cops and pushes the
small triangle to get out of its way. The big triangle feels attacked
that the circle pushed its friend and chases after the circle too.

b. Q 5. Big Triangle was inside. Circle was inside. Big Triangle argued
with Circle because Big Triangle was angry at Circle. Big Trian-
gle exited. He closed a door. Circle moved to the corner because
Circle was feeling sad.

Q 83. Circle approached Little Triangle in order to attack Little Tri-
angle. Circle pushed on Little Triangle to attack Little Triangle.
Big Triangle chased Clircle because Big Triangle was angry at
Clircle.

C. Q 5. The big triangle argues with the circle. He is inside the box be-
cause he is asleep. She is inside it because she is asleep. He exits
it and closes the door. She goes to the corner because he argues
with her.

Q 83. The circle approaches the little triangle and pushes him in order
to attack him. The big triangle chases her because the big triangle
likes the little triangle and she attacks the little triangle.

Fig. 1. Examples of textual narratives for TriangleCOPA questions, (a) authored by
Maslan et al. [13], (b) generated by our system, and (c) generated by Ahn et al. [1]

research on automated interpretation, and a human-authored textual narrative
of the depicted situation to support research on narrative text generation.

We are aware of no end-to-end system that is capable of answering Trian-
gleCOPA questions given only the video clip as input, but Gordon [4] applied
etc.etera abduction to correctly answer 91 of the 100 questions using a knowledge
base of 279 commonsense axioms. These 91 automatically-generated interpreta-
tions were used by Ahn et al. [1] as input story graphs for their narrative text
generation method, yielding a short narrative for each correctly-answered ques-
tion.

To use our narrative text generation system for this benchmark, we first
generated the most probable interpretations for each TriangleCOPA question
using Gordon’s original knowledge base of 279 commonsense axioms. Then, we
hand-authored text templates for each of the 279 axioms, which required approx-
imately 1.5 person-workdays of effort. Finally, we generated textual narratives for
each interpretation using our approach, and compared the results to the human-
authored narratives in the TriangleCOPA benchmark and to those generated in
the work of Ahn et al.

Example human-authored and system-authored narratives for TriangleCOPA
questions 5 and 83 are shown in Fig. 1.
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We concede that the human-authored narratives for TriangleCOPA would
be preferred by human readers for most task contexts, as they exhibit creativity
in their interpretation and a fluency that is unmatched by either of the two
systems. As well, we see only minor differences in the quality of text generated
by either of the automated approaches.

In an effort to quantify the relative performance of each system on this bench-
mark, we explored the use of language model perplexity as a metric of fluency.
Typically, perplexity is used in computational linguistics research to quantify
the accuracy of a given language model, where lower scores indicate that the
model finds the input language less perplexing. Here we use a single high-quality
language model to see which system generates text that is closer in perplexity to
that of the human-authored narratives. Specifically, we utilize the transformer-
based GPT-2 language model [16] to compute the perplexity of a given text, as
eloss given the loss of the output tensor. Perplexity scores for narratives were
computed using a PyTorch script employing pre-trained models provided in the
HuggingFace transformers package.

For each TriangleCOPA question, we computed the perplexity of narratives
generated by each of the two systems, and compared them to the perplexity of the
corresponding human-authored narrative. To assess whether observed differences
were significant, we computed statistical p-values using stratified shuffling, a
compute-intensive significance test that is popular in computational linguistics
research when comparing different systems on the same test set [19]. In this
context, p-values answer the question, What is the likelihood that we would see
a difference in mean scores this large if there was actually no difference between
the systems that generated these results?

Table 1 shows the results of this comparison of perplexity. The language
model finds the narratives produced by our approach to be slightly more per-
plexing than human-authored texts, and those produced by Ahn et al. to be
somewhat less perplexing. These differences are statistically significant only for
the Ahn et al. results.

There are many pitfalls in this use of automatic evaluation metrics such as
perplexity in research on natural language generation, as they are often shown to
have poor correlation with human judgements of language quality [15]. Although
we are encouraged that our approach to narrative text generation produces text
that more closely matches the perplexity of human-authored narratives, we view
these results with caution. To our eyes, the human-authored narratives in this
study are superior in quality to the system-generated texts in all cases. We

Table 1. Mean perplexity of narratives of TriangleCOPA questions

Version p(version) | |p(gold) — p(version)| | p-value
Maslan et al. [13] (gold) | 4.686 0 n/a
Our system 4.790 0.104 0.444
Ahn et al. [1] 4.041 0.652 <0.001
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see several improvements that could be made to our approach, which may not
be easily assessed using only the metric of perplexity. Instead, we are most
encouraged by the finding that our approach generates text that is at least as
good as Ahn et al., using a much simpler method.

5 Conclusions

The use of structured graphs to represent story content has aided progress in
automated interpretation and narration by allowing researchers to focus their
efforts on either of the two different parts of the problem, namely graph con-
struction and natural language generation. However, a downside of this separa-
tion is that certain opportunities to exploit synergies across these two processes
are not immediately evident. The problem addressed in this paper is one such
example, where the assembly of sentences from connected nodes in the graph is
greatly simplified by attaching templates directly to the axioms used to make
these connections during the interpretation process. Here we exploit a particular
feature of interpretations constructed using etc.etera abduction, namely that the
etc.etera literals present in a solution indicate exactly which axioms were used in
its construction, along with the variable bindings for each universally quantified
variable. Using text templates and straightforward methods for including proper
nouns, common nouns, and pronouns, the difficult grammatical problems of sen-
tence construction can be largely avoided. While the resulting narrative text is
similar in quality to that of more sophisticated approaches, our hope is that
the simplicity of our method encourages researchers to shift their development
efforts toward more interesting aspects of the narrative text generation problem,
such as content selection and discourse planning.
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Abstract. There exist various ways for a user to participate in a story through
interactive narratives. Most previous work uses traditional user interfaces for inter-
actions with limited modifications to story elements. It is a challenge to allow a
user to participate in an interactive story through the first-person view in a 3D
virtual environment. In this work, we propose to use wearable motion capture
(mocap) devices to enable a user to play as a character in a 3D virtual scene and
interact with the environment and other virtual characters in real time. The interac-
tions will affect how the story develops as well as the result. In such an interactive
storytelling system, we have designed methods to interpret user actions as well
as to generate parameterizable animations according to the interactions. We have
conducted a user study to evaluate our system by comparing a traditional con-
troller with a wearable device. The experimental results reveal that the interaction
methods we have designed are more intuitive and easier to use, compared to the
controller. In addition, the users are willing to try to play with the system multiple
times, which confirms the replay value of our interactive storytelling system.

Keywords: Interactive storytelling - Wearable device - 3D virtual environment -
Motion capture - Character animation

1 Introduction

As computer technologies advance, there exist more and more opportunities for the
audience to change their roles as observers and actively participate in a story in a 3D
virtual environment. Through interactions with the virtual environment as well as other
characters in a story, one can change the plot of the story or the contents of story elements
on the fly. The audience will be able to break the fourth wall of narratives in various
ways. In a typical 3D digital interactive storytelling setting, one can use traditional user
interface devices such as a keyboard and a mouse to interact with the narrative system by
selecting a story branch from a menu or navigating to a Non-Character Player (NPC) to
retrieve information and make a conversation. The interaction may not be intuitive and
the responses from the system may also be limited. On the other hand, the development
of new sensing and VR technologies is opening up new directions for novel applications.
For example, somatosensory devices such as Leap Motion, Kinect, and other wearable
motion capture devices are becoming more affordable, people are starting to use these
devices to develop novel applications for interactive storytelling.
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As the technologies develop, motion capture (mocap) has become a popular and
affordable way to generate character animations in 3D applications. If we use the mocap
devices to control the motions of a 3D avatar for the user, how to interpret these motions
and generate responsive interactions becomes an important research issue. Besides, cap-
tured motions are mostly used as canned motions for NPCs when certain events are
triggered or certain conditions for the story or game are satisfied. If the behaviors of
NPCs cannot adapt to user interactions, the plausibility of the virtual scene, as well
as the replay value of the application, will be greatly reduced. Thus, in this work, we
aim to design a 3D interactive storytelling system allowing intuitive 3D avatar control
and generation of responsive and appropriate NPC behaviors. We will describe how the
system is designed and report the experimental results from a user study.

In the following sections, we will first describe the related work about our research.
In Sect. 3, we will describe how we have designed and implemented the interactive
storytelling system. Then, we will report the result of the experiment that we have
designed to evaluate the system. Lastly, we conclude the paper with some remarks and
future research directions.

2 Related Work

Interactive storytelling is a form of entertainment allowing the authors and audience to co-
create a unique experience of the story through user interactions. 3D interactive narrative
is a special form emphasizing using a 3D virtual environment to deliver a story. To realize
such an application, many techniques are involved such as drama generation, authoring
tools, character animation generation, scripting languages, user interface design, etc. The
Oz project [1] is one of the earliest interactive storytelling systems utilizing the concept
of agents to provide impromptu interactions with users. Spierling et al. [13] introduced
the concept of Narrative Formalism into interactive storytelling and use a layered model
to create interactive stories and contents.

Unlike text-based interactive drama creation, the challenges for 3D interactive sto-
rytelling are more on the dynamic generation of multimedia contents and the design of
multi-modal user interfaces. Kistler et al. [7] and Yang and Li [15] all have proposed
to use gestures to interact with the objects in the virtual environment or to select a
branch in a story graph. Cavazza et al. [3] have designed a multimodal user interface to
allow a user to use voice input to influence the behaviors of virtual characters as well as
the plot in an immersive 3D scene. In [4], a gesture recognition module also has been
implemented for interactive storytelling. Brown et al. [2] reported a study attempting to
find the features of iconic gestures for retelling a story. Piplica et al. [10] presented a
system for combining improvisational acting with full-body motions detected through
Kinect to support the co-creation of interactive narratives. Mousas et al. [8] proposed
to detect user gestures with Kinect to trigger actions of virtual characters. Rhodin et al.
[11] proposed to use Kinect and Leap Motion and predefined settings of gestures and
velocities to present the corresponding animation of virtual characters. Eubanks et al.
[5] recently presented two studies about the investigation of how body tracking fidelity
is related to avatar embodiment.

There has been much research on the automatic generation or editing of charac-
ter animations. For example, Tonneau et al. [14] proposed a technique to edit existing
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motion clips to respond to large environmental changes on the ground. Shoulson et al.
[12] proposed an animation testbed allowing a user to leverage a character’s animation
and navigation capabilities when authoring both individual decision-making and com-
plex interactions. In [6], the authors used precomputed semantic information about the
environment to choose appropriate animation clips for the character to reach a given
goal. Mousas et al. [9] also have proposed a system called CHASE allowing a novice
user to design scripts with parameters to produce the desired animation. Besides, Yang
and Li [15] also proposed to use a scripting language in XML to generate the animations
for different story nodes in 3D interactive storytelling.

3 System Design and Implementation

To realize our VR system, we have adopted the Unity3D game engine as our experimental
platform. In terms of hardware, we have used a relatively low-cost wearable motion
capture device, called Perception Neuron, to capture the motion of a player. We have
also chosen the HTC VIVE Head-Mounted Display (HMD) and controller as the devices
for 3D rendering, audio outputs, and control input. The architecture of our system,
as shown in Fig. 1, consists of three main modules: motion interpretation, animation
management, and story management. The inputs, except for the ones from the user
controller, also include data from external files such as story script, interaction script,
and motion database. The authors of the story are in charge of creating the story script
and interaction script while the player uses body gestures and the controller to interact
with the environment or the NPCs. We will describe the main modules in the following

subsections.
Script Script

Describing what NPC

Describing the reaction of

Player NPC at a certain situation should do at certain time
HMD Gesture
_ .
Wearable Interpretation

mocap

Mirroring Character

Animation, e.g. NPC Motion Motion
Grasp, Walk
o A Database
ayer Avatar Py
Animation ]
Manager Character Animationg
e.g. Walk, Sit Down
Animation
Parameters
Black: System
Blue: Script
Red: Mocap

Display
Game Engine

Fig. 1. System architecture.

3.1 Motion Interpretation Module

The motion interpretation module is in charge of interpreting player motions into regular
gestures or specific commands for further processing. The motions are captured through
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a wearable device mentioned above and inputted into the system in a streaming format
(BVH). Since the capture motions have many degrees of freedom, to reduce the control
and computation complexity, we have only used a few parts of the body, such as hands
and legs, for interpretation. Motion interpretation is needed because some of the player
motions are designed to trigger certain events with interaction with the environment or
NPCs. In addition, some motions, such as sitting down on a chair, cannot happen in the
physical space as in the virtual space. Therefore, we have divided the inputs into two
modes: direct input and command input.

Direct Input Mode. In this mode, the motions captured for the player are mirrored
directly into the motions of the avatar. Therefore, the player can move his body as if
he was the avatar. When certain conditions described in interaction scripts are satisfied,
corresponding actions from the environment or the NPC will be triggered to respond
to the player’s intention for interaction. For example, in Table 1, we have listed the
types of motions that will be recognized as meaningful actions and trigger events with
corresponding motions by the affected objects or the NPC. For example, when the hand
of a user avatar approaches an object, such as a glass or a hand of an NPC, and a grasp
motion is performed, the object will be snapped into and moves with the hand (Fig. 2).
Similarly, an object is released when the player ungrasps. The push motion is similar
and can be used to push objects, such as doors, before entering or exiting a room. The
motion of a short walk reflects a short-distance walk or position adjustment when the
player moves around in the physical space.

Table 1. The types of motions recognized in the direct input mode

Motion types Procedure to trigger an action

Grasp Approach an object and grasp it when it turns red

Push Touch the object and move forward. The object will move along
Wave Raise the hand over the shoulder and wave

Short walk Move the body, and the avatar follows

Fig. 2. The graspable object is highlighted (right) when the hand is close enough

Command Input Mode. Unlike the direct input mode where all motions are mapped to
the avatar, there could be actions that the player would like to perform in the virtual world
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but is not physically feasible in the real world. For example, the physical space could
be limited and does not allow the player to freely walk for a long distance as one may
expect in the virtual world. Similarly, certain motions are not feasible simply because
there are no corresponding objects in the real world. For example, when one would like
to sit down on a chair in the virtual world, he/she cannot do so because there may not
be a chair ready for this in the real world. As a result, we have to design special motions
allowing a player to specify his intention for doing this type of motion, which we call the
Command Input Mode. In the current implementation, we have designed three motions
for command inputs as shown in Table 2. For the long-distance walk, since the player is
not transporting his body, the avatar will move along his facing direction. To perform the
sit-down motion, the player has to touch a chair first and then bend his knees to tell the
system his intention for sitting down. Once the action is triggered, the player can stand
up and allow the avatar to display the sit-down animation. Similarly, when the avatar
is in a sit-down situation, the player can bend his knees to specify the intention for the
avatar to stand up.

Table 2. The types of motions recognized in the command input mode

Motion types Procedure to trigger an action Corresponding animations
Walk March on the spot by lifting legs Avatar moves forward along the
alternatively facing direction
Sit down Touch a chair and bend the knees Play the sit-down animation when
activated. Walk to the chair if
necessary
Stand up Bend the knees when sitting Play the stand-up animation

Animation Enforcing Mode. There are also some situations where we would like to
enforce the display of certain animations to ensure the progress of a story or to simplify
the interaction with the environment or NPC. In this mode, the player is still allowed
to move his head to watch the display of enforced animations. In our demonstrative
example, two situations may trigger this mode. The first case occurs when the story
develops to a point where the player is shot by the suspect. Then a lying-down animation
will be enforced even though the player does not perform this action. The second case
is when the player (playing as a policeman) takes the suspect to the police car after
arresting him, both need to enter the car. We choose to enforce the animations for both
characters to avoid complex interactions and motion coordination which are not crucial
for experiencing the story.

3.2 Interaction and Story Scripting

As depicted in Fig. 1, in our system, there are two types of scripts used to describe the
interactive story and the interactions with the environment or NPCs: interaction script
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and story script. The interaction script is used to define how the environment or the
NPCs should react to user interaction while the story script defines the story graph with
branches for the interaction narratives.

Interaction Script. We have designed an interaction scripting language allowing an
author to specify the reactions of an NPC when certain conditions are satisfied through
the interpretation of player motions in two input modes as described above. The scripting
language is an XML-based markup language, and an example is shown in Fig. 3. In the
script, we define the conditions for triggering a reaction from an NPC and what kinds
of responses (animation) should be taken for the interaction. Currently, there are six
attributes defined for the <InteractMovement:>> tag that are used to specify the
conditions and responses. For example, in Fig. 3, the interaction scripts for three actors
(Suspect, Bartender, and Waiter) are described. In line 5, when the player, playing as a
passerby, sits down in a good mood, the interaction movement of “give” for the suspect
will be sent to the animation manager for offering a drink for 20 s. In the current system,
event types of RespondMovement have been implemented.

1 <Interaction>

2 H <Character tag="Suspect">

3 <InteractMovement PlayerIdentity="Police" PlayerMovement="all" SelfMood="all"
RespondMovement="shoot" Duration="20"/>

5 <InteractMovement PlayerIdentity="Passerby" PlayerMovement="sit" SelfMood="good"
RespondMovement="give" Duration="20"/>

7 <InteractMovement PlayerIdentity="Passerby" PlayerMovement="grab" SelfMood="good"

RespondMovement="beCatched" Duration="20" GrabTarget="SuspectStrongHand"/>

S <InteractMovement PlayerIdentity="Passerby" PlayerMovement="walk" SelfMood="bad"
RespondMovement="walk" Duration="20"/>
11 <InteractMovement PlayerIdentity="Passerby" PlayerMovement="grab" SelfMood="Great"
RespondMovement="follow" Duratio: SuspectStrongHand" />
12 <InteractMovement PlayerIdentit Movement="grab" SelfMood="Great"

RespondMovement="follow" Duration="100" GrabTarget="SuspectOtherHand"/>
</Character>
<Character tag="Bartender">

<InteractMovement PlayerIdentity="Passerby" PlayerMovement="sit" SelfMood="good"

RespondMovement="lookat" Duration="20"/>

HGE. - </Character>

17 H <Character tag="Waiter">

18 <InteractMovement PlayerIdentity="Police" PlayerMovement="waveHands" SelfMood="good"
RespondMovement="waveHands" Duration="5"/>

HIO - </Character>

20 L</Interaction>

Fig. 3. An example of interaction scripts

Story Script. Unlike an interaction script which describes the responses of the envi-
ronment or NPCs, the story script is used to describe the story graph consisting of story
nodes connected with branches. It also includes nodes that are time-triggered, which
means that some animations may start voluntarily without interactions. Thus, the story-
teller can take an initiative to drive the story instead of waiting for the player to interact
and trigger events. For example, the script in Fig. 4 describes that the suspect will start
to move to a chair by walking for 15 s at an absolute or relative time.
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<AnimCharacterMove StartTime="0" Duration="15"
ActorTag="Suspect" Movement="walk" destinationTag="Chair" />

Fig. 4. An example of story scripts

3.3 Animation Management Module

The animation management module is in charge of generating natural and responsive
animations for the NPCs. In our interactive storytelling system, the animations of the
NPCs could be triggered by the story management module because of the need for story
development or by the motion interpretation module when the player interacts with the
NPC. Since the motion interpretation module deals with real-time interactions with the
player, the needs for responsive actions are usually higher. As a result, in the animation
management module, we need to have a way to schedule the animations according to
their priorities. In addition, the animation management module may also voluntarily
insert a necessary transition motion to make the target motion feasible. For example, if
the objective is for the NPC to sit down on a chair but the NPC is too far from the chair,
the animation manager will issue a walk-to-chair animation for the NPC to reach the
chair first.

In Fig. 5, we show an example scenario where the NPC receives animation requests
from different modules, and the animation management module needs to arrange these
requests according to their priorities. For example, at time t 1, the suspect NPC received a
request for a sit-down action from the story manager. But the animation manager realized
that the suspect was too far from the chair and therefore inserted a walk action ahead
of sit-down to reach the chair. At time t3, the player (policeman) walked in and was
spotted by the suspect. As aresult, the motion interpreter issued a shooting action, which
takes the highest priority. Once the shooting is over, the suspect will resume walking to
the chair and finally sit down at t 6.

SM: sit AM: walk ~ MI: shoot ~AM: walk SM: sit
SM: sit AM: walk SM: sit
SM: sit
SM: Story Manager, AM: Animation Manager, MI: Motion Interpreter

Fig. 5. Animation scheduling in the Animation Manager

In addition to determining the priorities of the animations, the diversity and quality
of the animations will also affect a player’s immersion experience. By the diversity
of animations, we mean that the responses that the player gets from NPC should vary
according to the development of the story or the emotion of the NPC. According to the
history of interactions with the player, we maintain three emotional states: bad, good,
and great for the NPC. When a responsive action needs to be taken by the NPC, the
animation manager will select an appropriate animation according to the emotional state
of the NPC. Therefore, the responses a player sees may vary at different times of play.
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The quality of the animation for an NPC can be considered from several aspects
including the factors of cost and complexity. Since most of the animations for the NPCs
are prepared and stored in the motion database, the diversity of animations will affect the
cost of preparing such an interactive storytelling system. In our animation management
system, we have attempted to minimize the need for creating a large animation database
by reusing existing motions as much as possible. For example, many motions only focus
on a certain part of the body. As such, one can decompose a motion into different parts
that can be recomposed to form new animations. For example, as shown in Fig. 6,
the hand gesture of the NPC does not depend on the lower body state. Thus, we can
decompose the animation for the upper-body gesture and use it when the NPC is sitting
on the chair.

Fig. 6. Example of decomposing animation for reuse

In addition to selecting different animation clips for different NPC emotions, the
location of the user avatar, as controlled by the player, cannot be determined in advance.
Thus, the animation management module may need to make a minor adjustment on the
facing direction of the NPC toward the player to conduct a conversation. This kind of
minor adjustment also happens when the player needs to have physical interactions with
the NPC such as in the situation of arresting the suspect by grasping his hand. As shown
in Fig. 7, the configuration of the hand being grasped is adjusted with inverse kinematics
according to the player’s hand location. We have used the built-in IK controller module
in Unity3D for the implementation of this function.

Fig. 7. Example of computing hand configurations with inverse kinematics
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4 Experimental Design and Results

To evaluate the system that we have designed, we have created a demonstrative scenario
about an interactive story with multiple branches and endings. We have also designed
an experiment with this scene and invite participants to experience the story and provide
feedback through questionnaires.

4.1 Demonstrative Scenario

The demonstrative scenario is about a story in which a policeman (played by the par-
ticipant) is asked to find a dangerous suspect of a crime who is reported to be present
in the area around a bar. Snapshots of the scene are shown in Fig. 8. The policeman is
supposed to find the suspect and arrest him if possible. However, since the suspect is
dangerous and armed, it could be a good idea not to wear a police uniform and try to
do the investigation privately. Therefore, in the beginning, the system will prompt the
player about changing clothes in a special room in the area. If the player decides not to
change clothes, he will be spotted by the suspect later when walking to the bar and got
shot by the suspect. If the player chooses to change his clothes and enters the bar, he
will find that one of the guests that could be the suspect is walking to the bar and will be
sitting in front of the bartender. The player will be instructed to sit beside the suspect,
and the suspect will start a conversation with the player and tries to offer him a drink.
The conversation will release enough information for the player to confirm that the man
sitting aside is the suspect. Then, he can decide to arrest the suspect by quickly grasping
his hand and take him to the police car outside. If the grasping action is not fast enough,
the suspect may find out and run away. In other words, depending on the history of the
interactions, the story may develop into multiple endings.

- =
SERml , BFEER—
(c) - BR?_ i~

Jmmm SERERS
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Fig. 8. Snapshots of story development during the interactive storytelling (a) mission setup, (b)
clothes changing, (c) suspect in a bar, (d) inviting for a drink, (e) releasing crime information, (f)
arresting the suspect, (g) taking him to the car, and (h) putting him in prison.

4.2 Experimental Settings

We have invited eight subjects to participate in the evaluation. The ages of these subjects
range from 22 to 28 with 4 males and 4 females, and half of them are experienced users
of VR games while the other half has relatively few experiences.
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The procedure for the experiment was a within-subject design and worked as follows.
Each subject would experience the story twice with the VIVE controller and the wearable
device, respectively. The order of the two experiences was random such that the learning
effect could be canceled. Before the formal session started, we first explained to the
subjects how the system worked and allowed the subjects to practice how to interact with
the objects in a tutorial session through the wearable device and the VIVE controller,
respectively. For the VIVE controller, we have adopted the most common ways of
interacting with objects. For example, we use a touchpad to trigger teleport, a hair-
trigger to grasp, and a grip to switch between sit-down and stand-up. At the end of each
formal session, the subjects were asked to fill in a questionnaire about the operations,
story, system functions, and immersion of their experiences.

4.3 Experimental Results

After each formal session, the subjects were asked to fill in three questionnaires for the
evaluation of our system. The questions in the survey are answered on a 5-point Likert
scale with 1 to 5 meanings strongly disagree to strongly agree. Three questionnaires
are about the assessments on user interface operations, system and story, and immersion
experience, respectively. The results (means and standard deviation) for both formal runs
(controller and wearable device) are shown in Tables 3,4 and 5. A paired two-tailed t-test
has also been conducted for each question.

Table 3. Assessment of user interface operations

Questions Controller Wearable
M STD M STD t-test

The operation of grasping is interesting. 4.1 064 46 052 0.104

The operations of sit-down and stand-up

are intuitive.

8. The operations of sit-down and stand-up
are smooth.

9. The. operations of sit-down and stand-up 44 074 43 071 0285

are interesting.

10.1 can move my body freely. 3.8 1.39 45 076 0.303
*p<0.05

1. The operation of movement is intuitive. 41 083 46 052 0.227
2. The operation of movement is smooth. 41 099 43 0.71 0.785
3. The operation of movement is interesting. 4.1 099 44 092 0.516
4. The operation of grasping is intuitive. 40 093 48 046 70.048
5. The operation of grasping is smooth. 4.1 099 4.1 0.99 1.000
6.

7.

3.1 125 41 0.64 70.033

3.8 1.39 44 052 0217

From the results in Table 3, we can find that the average scores for the wearable
device are all higher than the controller. The variation for the wearable device is also
lower than the controller. However, only the questions of intuitiveness on the grasping
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and sit-down and stand-up operations have achieved significant differences between the
two types of interfaces. In the interview after the experiment, we also found that the
scores for the controller quite depend on the prior experience of the subjects while all
subjects consider the wearable devices are more intuitive to use.

Table 4. Assessment of story and system functions

Questions Controller Wearable
M STD M STD t-test
11.1 can understand the story. 49 0.35 48 046 0.351
12.1 think the story is interesting. 4.6 0.52 44 0.74 0451

13.1think the progress of the story is smooth. 4.6  0.74 4.6 0.52 1.000

14.1 want to experience different story plots. 4.6  0.52 49 035 0.170

15. The audial and t§xtua1 prompts help me 49 035 48 046 0351
interact properly in the story.

16.1 feel that the NPC is interacting with me. 4.4 0.52 43 046 0.598

17.1think I have influenced the development 45 053 45 053  1.000

of the story.
*p<0.05

The results in Table 4 reveal that the user feedback about the story and system
functions are all very positive for either interaction interface but no significant difference
has been found. The subjects have found that being able to interact with the NPC and
influence the development of the story is interesting.

Table 5 shows the result of assessing the immersion of the player. The subjects are
more immersed in the environment with the wearable device but all enjoy playing in the
scene with both input devices. The variation of the scores is higher for the controller
session probably because their familiarity with the controller varies. On the other hand,
from questions 28 and 30, we can find significant differences between the two interfaces,
and the wearable mocap device provides a more intuitive interface allowing a player to
immerse into the virtual environment more easily.
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Table 5. Assessment of immersion

Questions Controller Wearable
M STD M STD  t-test
18. My mood was up and down as the story 3.9 1.13 40 120

0.598
develops.
19.1 wanted to know how the story devel- 4.3 1.04 48 0.46
0.227
oped.
20.1 am worried about if I can accomplish 4.0 093 4.1 1.13 0.598

the mission.

21.1 found myself in the story and would like
to dialog with the virtual characters. 4.1 0.83 4.5 053 0.285

22.1 enjoy the scene in the game. 43 0.71 44 0.52 0.351

23.1 enjoy playing the game. 46 052 44 052 0.351

24.1 think the operations in the game were 43 071 45 053 0516
easy to learn.

25.1 am not aware of using any controller. 24 130 45 0.76 0.001

26.1 can move according to my will. 43 089 44 074 0.802

27.1 can interact with the virtual world like 33 116 41 064 0.087
in the real world.

28.1 was not aware ofwhat was happening in 34 106 43 116  *0.021
the real world during the play.

29.1 felt that the game was my only concern. 3.9  0.83 4.1 0.64 0.351

30.1 would not stop playing the game to see 38 071 44 052  0.049
what happened around me.

31.1 felt the time flies when I played. 44 074 46 052 0.170
*p<0.05, “p<0.01,

5 Conclusions and Future Work

There has been much research on interactive storytelling and different ways to design
and experience a 3D interactive story. In this paper, we have attempted to design a 3D
interactive narrative system allowing a player to wear a mocap device to participate in an
interactive story. To realize such a system, in addition to using the wearable device, we
also have developed a way to receive user inputs by recognizing the motion and intention
of the player under system guidance and to provide plausible responses from the NPC
through realistic animations. We have also conducted a study to evaluate the system
from several aspects. The experimental result reveals that the interactive storytelling
system has achieved the goal of allowing the players to participate in the story through
interactions with both the controller and the wearable devices, respectively. The wearable
mocap device provides a more intuitive way to interact with the environment or NPCs
and is also easier to learn for novice users. Besides, the subjects are better engaged with
the story and immersed into the environment with the wearable device and thus have a
better story experience in general.
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In the current system, the dialogs between the player and the NPC are all pre-
determined and pre-recorded. Therefore, although the story has multiple plotlines and
endings, the system still cannot change the story on the fly with customized contents
or dynamic dialogs. To allow this to happen, more research on dynamic drama creation
and scene generation will be necessary. Besides, although the cost for wearable mocap
devices is becoming affordable, the quality for stability may be compromised. We will
be looking forward to the development of this type of input device for it to become more
affordable and precise.
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Science and Technology in Taiwan under contract MOST108-2221-E-004-007-MY3.
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Abstract. This paper defines inbor games as a class of interactive sto-
rytelling projects in which the story is told through an email inbox-like
interface. We contribute a definition and an authoring tool for this cat-
egory of games.
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1 Introduction

Interactive narratives tell stories with some form of reader interaction, but those
interactions can take many forms and serve a number of diegetic and thematic
purposes. For instance, the player-as-protagonist model (arguably the default)
gives the player the point of view of a specific character and asks them to make
in-story decisions for that character. Alternatively, a player-as-coauthor model
asks the player to draft and/or edit parts of the story (e.g.: 18 Cadence [23]); a
player-as-detective model asks players to examine and iteratively discover frag-
mented pieces of a story’s aftermath to determine a past event sequence (e.g.:
Her Story [4]); a player-as-director model asks them to manipulate aspects of
characters’ environment or the actions of multiple characters from an omniscient
point of view (e.g.: Prom Week [21]). Each of these diegetic framings serves a
different type of storytelling.

In this paper, our diegetic framing of interest is what we call the inbozx game: a
work that employs an overlapping set of formal techniques to deliver a narrative
by asking the player to send and receive asynchronous messages with non-player
characters. We take an expansive view of this idea by including not only games
that look like literal email inboxes, but also those that model player interac-
tion on other forms of text-based messaging, such as traditional letter-writing,
SMS text-messaging, and social media posting. We are interested in this class
of games because we think they can evoke a compelling set of narrative themes,
including the conference themes of disconnection and reconnection. The para-
doxical feelings of simultaneous connection and disconnection created by online
communication are natural to explore within an interface mimicking one players
already use to keep in touch with friends and family online.
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Our interest in this form has led us to develop an authoring language and
game engine designed specifically for this mode of storytelling. We describe this
language and its implementation status in Sect. 4.

This paper’s contribution is twofold, paralleling the two disciplinary
approaches to research methodology. First, we present a theoretical descrip-
tion of the poetic affordances of inbox games, through definition, example, and
description of the relationships between formal properties and narrative effects.
Second, we present a technical design effort in the form of our software tool for
authoring inbox games.

2 Related Work

Mawhorter et al.’s work on choice poetics [20] provides a model for this paper by
integrating the theoretical foundation of poetics (relations between form and con-
tent) [7] with theories of game design and interactive media, such as procedural
rhetoric [5] and link pragmatics in hypertext games [29]. As in the choice poet-
ics paper, one of our goals is to provide a preliminary vocabulary for discussing
the relationship between formal elements (interface mimesis and epistolary sto-
rytelling) and their aesthetic and narrative effects on players. Previous work
surveying the email novel as a literary form performs similar poetic analysis of
a related genre [24,25], though email novels are not interactive.

Kreminski and Wardrip-Fruin’s work defining “storylets” as a model of inter-
active narrative authorship is structurally similar to ours in that they also cata-
logue several existing narrative works and outline a design space based on salient
common features [15]. The idea of storylets itself is also relevant to this work in
that an individual message (e.g. email) could be codified as a storylet, and an
engine for inbox games could be adapted to interoperate with storylets as a data
structure.

Grayscale is an inbox game implemented on top of the Chimeria project [10],
an engine for modeling group affinities for virtual characters in stories. Chime-
ria:Grayscale represents a central example of the form we are attempting to
define and support. Further examples are discussed in the next section.

3 Defining Inbox Games

We begin by identifying several examples of games that inform our understanding
of the design space. Then we identify an overlapping feature set among these
examples that forms our working definition of inbox games.

3.1 Examples

Inbox games allow the player to send and receive messages to and from non-
player characters, but within those constraints, they vary heavily. We first
present a collection of examples that we consider within or adjacent to the space
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of inbox games and identify some of their key characteristics. Table 1 summarizes
the games and characteristics discussed.

There are two existing games we are aware of that do this with an interface
that simulates an email inbox: Digital: A Love Story [16] and Grayscale [10].
Screenshots of their interfaces can be seen in Figs.1 and 2. In both cases, an
opening frame story transitions quickly to the interface of an email client, in
which the player progresses by reading emails and sending replies. In Digital, a
reply is sent by clicking on the “reply” button, but the contents of the player’s
message are left implicit. In Grayscale, the player usually has several choices for
how to respond, and the choice affects the outcome of the game. It is implied
that the text in the choice links for the player is the literal text of the email that
is sent.

There are a few other examples of games that emphasize the “epistolary”
nature of inbox games—sending and receipt of messages—without emphasis on
digital interface mimesis, including First Draft of the Revolution [27] and 13 min
of Light [14], which simulate writing handwritten letters (Fig.3). (Notably,
13min of Light also has a portion of gameplay that mimics Reddit’s forum
interface.) These games also allow the player to edit the message before sending
it, which adds an element of coauthorship to the player’s role, rather than simply
selecting pre-authored responses.

There are several other games that emphasize digital interface mimesis but
deviate from the strictly asynchronous epistolary nature of email. We Should
Talk [30], Lifeline [1], and A Normal Lost Phone [2] all imitate text messaging
interfaces for in-game dialogue. Don’t Take it Personally, Babe [17] (by the same
author as Digital: A Love Story) mimics the social network dynamics of Facebook
walls, and HoloVista [3] specifically evokes Instagram, including posting photos
with filters and receiving likes and comments.

3.2 Inbox Game Characteristics

The above examples form a Wittgensteinian family resemblance [22] in that they
share a meaningful set of overlapping formal features with an empty intersection.
These formal features include:

— Response Choice: Players can (sometimes or always) select among multiple
choices for how to respond to a received message.

— Response Drafting: Once a general response scheme is selected, players
can edit, draft, or otherwise fine-tune specific components of the response
independently.

— Multithreading: There are active conversations with multiple parties simul-
taneously that can be engaged with in an order decided by the player.

— Interface Mimesis: There is a diegetic interface in the game designed to
evoke a particular real-world counterpart.

We summarize selected examples in terms of these characteristics in Table 1
and discuss them in more detail presently.
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Table 1. Summary of inbox games and characteristics. Key: RC = response choice;
RD = response drafting; M = multithreading; IM = interface mimesis (see Sect. 3.2).

Game RC|RD M |IM

Digital: A Love Story v | BBS/Email

Grayscale v v | Email

Holovista Instagram

A Normal Lost Phone v' | Email and text messages
First Draft of the Revolution |v' |V Handwritten letters

13 min of Light v v Handwritten letters/Reddit
Don’t Take it Personally, Babe v’ | Facebook

Lifeline v Text messaging

We Should Talk v o v Text messaging

Response Choice. Epistolary fiction centrally involves communication
between two or more characters as a mode of storytelling. In this way, it has
some things in common with dialogue—how something is said matters as much
as what is said, and choices of action primarily affect the mental states of charac-
ters rather than the physical state of the world. In inbox games that are modeled
more on text messaging or direct-messaging than email, this correlation is espe-
cially evident.

For that reason, games with an interest in character Al and modeling the
mental states of virtual characters may offer interfaces that allow varying degrees
of choice in response. Grayscale:Chimeria, for example, was written primarily to
showcase the Chimeria engine’s “flexible, and dynamic model of how humans
categorize members of various groups” [9], and the choices one can make in how
to respond hook into this engine to determine non-player character responses
and eventual outcomes.

Not all inbox games offer a choice of how to reply, and some don’t even
show the player the “text” of their message. For instance, in Digital: A Love
Story, clicking the “Reply” button closes the window and (potentially) results in
another message showing up in your inbox sometime in the future, responding
to an implied message sent by your character that is never shown. This choice
parallels a common video game design decision to make the player character
silent in dialogue, often with the justification that this makes them easier for the
player to project themself onto.

Response Drafting. A common difference between dialogue messages and
epistolary messages is that the latter tend to be longer, potentially multiple
paragraphs. In this case, it makes sense to simulate the process of drafting and
editing. Mechanics for drafting and editing are central to games like First Draft
of the Revolution and 13min of Light. Even games where messages are shorter
and more dialogue-like sometimes allow for this fine-tuning, as in We Should
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Talk’s text messaging interface where individual words and subphrases of a single
message can be selected and modified independently. This mechanic extends the
metaphor of the inbox beyond reply selection and into reply composition, which
is why Emily Short classifies them as “games of coauthorship” [26].

Multithreading. By contrast with synchronous dialogue, traditional epistolary
fiction based on handwritten letters carries the implication of a much longer
passage of time between messages received and sent, during which an unknown
amount of real-world time may pass. This diegetic assumption affords some
interesting storytelling techniques. First, the text of the story can allude to
implied actions that take place “off-screen,” leading the reader to infer what
happens between the messages. Second, narrative state is implicitly saved within
threads, but not shared across them (unless the recipients overlap). This means
that stories can advance alongside each other, potentially calling back to or
juxtaposing with one another, or evolve independently. Finally, even when there
is no diegetic relationship between threads, in an interactive context, they can
mechanically gate each other: the player may need to reach a certain point in
one thread in order to unlock progress in another.

Interface Mimesis. The technique of so-called diegetic interfaces has been
employed in the games industry to make routine, logistical interactions with
gameworlds more natural and cohesive for the player [11]. Inbox games, insofar
as they take place entirely within a digital space, have a ready advantage in this
arena since they can easily repurpose existing computer interfaces.

Several of them do this: the mixed-reality mobile game Holovista [3] alter-
nates interaction modes where the player is photographing a physical environ-
ment and then posting photos and captions to an Instagram-like social media
platform. The familiar elements of a news feed, comments, and likes are present.
Tentacles Growing Everywhere [28]—arguably not an inbox game because it lacks
direct replies from non-player characters—replicates the affordances of LiveJour-
nal. A Normal Lost Phone simulates a number of functions of a smartphone,
including text messaging. The hit mobile “texting adventure” Lifeline [1] adopts
the pretense that the player is on Earth, texting with an astronaut on an unfa-
miliar planet, and (by default) includes long delays between replies.

We refer to the adoption of diagetic interfaces in digital message-sending
games as interface mimesis. Interface mimesis relies on the player’s assumptions
about how familiar interfaces work, supplied by their cultural context and digi-
tal literacy within that context, to get away with teaching fewer mechanics and
interface conventions. For example, a player familiar with text messaging will
immediately understand that a repeated animation of three dots in a text mes-
saging window indicates that the other party is in the process of composing a
message.

When Google Mail (GMail) adopted the “reply suggestion” feature that
allows the user to click on various options that generate example responses to
emails, it exposed a huge number of computer-users to the idea of choice-based
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interfaces. Grayscale had to invent its own choice interface for email replies,
but in the system we describe in Sect. 4, we can simply reappropriate Google’s
interface to provide the user with a choice-based interface they are likely to have
already encountered (Fig. 4).

3.3 Narrative Themes

“I’ve learned that real-world human-to-human tactile contact will kill you,
and that all human interaction, whether it be social, political, spiritual,
sexual, or interpersonal should be contained in the much more safe, much
more real interior digital space. That the outside world, the non-digital
world, is merely a theatrical space in which one stages and records content
for the much more real, much more vital digital space.

One should only engage with the outside world as one engages with a coal
mine. Suit up, gather what is needed, and return to the surface.”

— Bo Burnham, Inside [6]

Narrative themes supported by inbox games include both the good and bad of
mediated communication: a sense of being separated from physical intimacy and
connection, but also learning new languages of intimacy that can be expressed
in unfamiliar ways. Many LGBTQ+ millennials and zoomers grew up with the
internet as the main space that felt safe to express and explore their identity
during adolescence [18], and this experience is reflected in games like Digital: A
Love Story and A Normal Lost Phone.

At the same time, especially during the COVID-19 pandemic, lots of people
experienced feelings of dissociation and being “trapped” behind digital inter-
faces, struggling to express intimacy and nuance through them. danah boyd
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Fig. 5. The multithreading presentation created by Inboz.

coined the term “context collapse” [8,19] to explain one facet of this phe-
nomenon: internet spaces like email inboxes often collide social worlds from the
workplace, family, and extracurricular spaces. Grayscale emphasizes that chal-
lenging emotional and political labor can take place in the email inbox [9], despite
the medium’s apparent lack of conversational nuances associated with embodied
communication (e.g.: sexual harassment can take place via the strictly verbal
medium of email, not only via physical touch). HoloVista traps its protagonist
in a space generated by their own internal turmoil, employing themes of cog-
nitive distance from reality and difficulty distinguishing one’s internet presence
from one’s reality.

4 Authoring Support

Inspired by this emerging genre, we designed an authoring tool called Inboz,
consisting of a custom markup language and a rendering engine, to allow an
author to create an inbox game. We take inspiration from Twine [13] and Ink [12]
in terms of language minimality and prioritizing the writing of legible narrative
text over control flow code. Our design of Inbox served as an investigation into
the minimal set of authoring affordances that could support multithreading and
response choice.

4.1 Email Engine

Modern email inboxes are threaded: rather than an inbox consisting of a chrono-
logical sequence of individual messages, an inbox consists of a sequence of threads,
each of which is a chronological sequence of messages with the same subject. This
design is reflected in the design of Inbozx: a story is authored as a group of threads,
and the story evolves when the engine or the player manipulates a thread. The
engine can add new threads, append new emails to existing threads, and modify
the actions available to the player. The player, in turn, interacts with the story
by taking any of the actions available on any thread. Figure 5 shows an example
of what the “top level” player inbox might look like in a game rendered by Inboz.

The primary player action is selecting one of a fixed number of available email
responses and then choosing to send that response (see Fig.4). This appends
their response to the thread and returns the player to the inbox view.

By default, our engine ends the game when player reaches “Inbox 0” (no
messages left in the inbox), which can be achieved by archiving all messages. To
make this concept work as a game mechanic, messages are not archiveable by
default, e.g. if there is still a response the player can send on that thread that
could prompt a reply.
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4.2 Modeling Time

It will feel less believable if a player receives a reply to their message immediately
after sending it. There are a few different possible ways to solve this: for example,
Grayscale simply adds a timed delay between sending an email and receiving new
emails. Our design choice for Inbox is to modify the inbox only when an email is
sent, returning the player to an inbox that has already changed rather than ever
showing an email’s arrival. To model the “time” it would take for a recipient to
respond to their sent messages, we essentially add a one-step delay: the effects
of a player’s action won’t happen until they take a subsequent action. In other
words, the player can take an action on a thread, but any responses to that action
won’t appear until immediately after the player takes an action on a different
thread.

This interaction style won’t be the only one that authors want, but it is one
that promotes an experience of context collapse (as described in Sect. 3.3): taking
an action on a given thread instantaneously redirects the player’s attention back
to an unrelated thread. This model also allows us to greatly simplify the engine
due to fact that the most recently received email can be thought of as the
“current scene,” which entirely defines the set of available actions. On the other
hand, it limits the expressive affordances for authoring. There is no way, for
example, to permit a player to send multiple emails on a thread in a row: sending
an email is an action, and no other action will be available until the engine adds
a new scene to the thread, which won’t happen until the player takes action on
a different thread. Additionally, since it is more straightforward to implement
responses that always react to the last email received, Inbor does not naturally
facilitate authoring a conversation where the set of available responses shifts as
the conversation evolves.

4.3 The Inbox Authoring Language

The Inbox authoring language gives authors three main expressive affordances,
threads, scenes and (player) actions. A thread is a list of scenes associated with
an email subject. A scene corresponds to a single email received by the player.
In addition to the usual data and metadata associated with an email (text,
attachments, a list of senders and recipients), a scene defines a set of actions,
which include response choices and their effects.

In Fig. 6, a complete Inbozx script is provided, written in a markup language
called Camperdown designed for flexible interactive authoring.! (Both Fig. 4 and
Fig.5 are taken from this script.) The threads are marked by lines starting with
single # marks (lines 11 and 20), and additional scenes in the second thread
are marked by lines starting with a pair of # marks (lines 49 and 56, which
are additional scenes in the thread that starts on line 20).

The most common player action is responding to the thread by sending an
email. The author lists the player’s available responses in the script by specifying

! https://package.elm-lang.org/packages/brilliantorg /backpacker-below /latest /.
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contact Me "naolin@rivendel.edu"
|> full "Naolin Dawson Vega"

contact Prof "wz@rivendel.edu"
|> full "Prof. Wei Zhou"
|> short "Wei"

contact Recruiter "christine@upprcut.com"
I> full "Christine Malcolm"

# Hey Naolin!

email |> from Recruiter |> to Me

My company is hiring research engineers! You should
apply!

Love, Cece

archive

# Progress?

email |> from Prof |> to Me

Naolin,

How is your thesis progress?

Prof Zhou

respond [Good]

I> to Prof

|> triggers "good_progress" >>
Prof Zhou,

It’s going well actually! I proved that lemma I
was stuck on last week.

Naolin

respond [Bad]

I> to Prof

|> triggers "bad_progress" >>
Prof Zhou,

To be honest, I haven’t made any forward
progress. I’m still stuck on that lemma we talked

about last week.

Naolin

## good_progress

email |> from Prof |> to Me

Great! Let’s meet about it tomorrow.

WZ (sent from my iPhone)

archive

## bad_progress

email |> from Prof [> to Me

Ok. Let’s discuss tomorrow.

WZ (sent from my iPhone)

archive
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60

103

INBOX GAME
-> inbox

VAR msgs = 2

VAR thesis_progress = "unknown"

=== inbox ===

Your inbox contains {msgs} messages
<- friend_email

<- advisor_email

+ [delete all]l -> END

=== friend_email ===
+ [From: Cecelia Burns] -> emaill
= emaill
Hey Naolin!
My company is hiring research engineers! You
should apply!
Love, Cece
+ [Back] -> inbox

=== advisor_email ===
+ {thesis_progress == "unknown"}
[From: Prof. Wei Zhou] -> emaill
+ {thesis_progress == "good"}
[From: Prof. Wei Zhou] -> good_reply
+ {thesis_progress "bad"}
[From: Prof Wei Zhou] -> bad_reply
= emaill
Naolin,
How’s your thesis progress?
Prof Zhou
+ [Good] -> good_progress
+ [Bad] -> bad_progress
+ [Back to inbox] -> inbox
= good_progress
Prof Zhou,
It’s going well actually! I proved that lemma
I was stuck on last week.
Naolin
+ [Send] Message sent.
“thesis_progress = "good"
-> inbox

+ [Reconsider] -> emaill
= bad_progress
Prof. Zhou,
To be honest, I haven’t made any forward

progress. I’m still stuck on that lemma we
talked about last week.

Naolin

+ [Send] Message sent.
“thesis_progress = "bad"
-> inbox

+ [Reconsider] -> emaill

= good_reply

Great! Let’s meet about it tomorrow.
WZ (sent from my iPhone)
+ [Back] -> inbox
= bad_reply
Ok. Let’s discuss tomorrow
WZ (sent from my iPhone)
+ [Back] -> inbox

Fig. 6. The same inbox story written in Inboz (left) and in Ink (right).

contents of each response, allowing for response choice (but not response draft-

ing). The structure of the !'respond
is shown in Fig. 7.

command detailing a potential response

Because the archive action is disabled by default, the author must explicitly

indicate where the player may archive the thread. In Fig.6, the
command appears on lines 18, 54, and 61.

4.4 Assessment: Comparison with Ink

larchive

The right-hand side of Fig. 6 represents an attempt to capture the multithreading
and response-choice aspects of the Inboz script on the left-hand side of that
figure. The Ink implementation lacks certain details that the Inboz script includes
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the has a single argument and two parameters, the and the second indicating that choosing
respond that indicates the first indicating that the this response will trigger the scene titled
command suggestion button’s text response is to the Prof character "good_progress"

‘! respond”\Good\”b to Prof|||> triggers "good_progress"|>>

the response’s contents Prof Zhou,
are made up of all the lines
indented below the respond It's going well actually! I proved that lemma I

was stuck on last week.

command

Fig. 7. Authoring an email response in the markup language used for Inboz.

for interface mimesis—lines 1-9 of the Inboz script, for example, serve only to
connect characters with the identifying information that an email client would
normally expose.

An inbox game in Ink seems to require at least one bit of state per thread
to track the current “scene position” of that thread—though because the first
thread has no scenes, this particular script only requires the variable on line 4
to track the state of the second thread.

The most notable difference between the two presentations, though, is not
state but circularity. An inbox game fundamentally proceeds forward as new
messages received and sent. The possible evolutions of an inbox game form a
directed graph, and the Inboz script is a straightforward linearization of this
directed graph. An Ink representation of an inbox game, on the other hand, has
little choice but to loop back on itself in order to implement response choice
and multithreading. Every [Reconsider] action must point back to its parent
email, and every sent email must return to the inbox. For an inbox game, this is
inessential complexity, as the simpler structure of the Inbox script demonstrates.

5 Future Work

5.1 Planned Language Extensions

The current implementation of Inbox was intended to include the minimum set
of functionality needed to tell stories with a threaded inbox. We avoided adding
a relatively important feature to our first prototype: at present, scene selection
is the only way of influencing the story’s state. Text, actions, and scenes can-
not depend on choices the player made more than one choice in the past, and
message threads cannot influence one another. An earlier prototype included
such state-manipulation primitives, and we removed them in the interest of cre-
ating a “minimum viable product” in which a context collapse experience was
emergently generated by multithreaded conversation. However, we came to the
conclusion that this restriction is probably too limiting in the long run.

A natural extension of our language and implementation is to allow choices
to be enabled or disabled, and allow message delivery to be blocked, based on
whether users have received or viewed certain scenes. This simple mechanism
adds an enormous amount of expressive power, as demonstrated by Ink’s similar
functionality of automatically supporting conditional tests on whether the player
has seen any named piece of content. For example, this feature would grant
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enough expressive power to gate scenes on the user having reached a certain
point in multiple conversations across multiple threads. It would not be difficult
to support arbitrarily complex state tracking, giving threads and scenes the
same expressive affordances as storylets, but our current approach is to grow
the language conservatively, driven by authorial need.

In addition, the consequences of any particular action are always delayed
by exactly one player action, as described in Sect.4.2. We plan to implement a
more general set of message delay controls, including delaying for any number
of player actions, delaying until some condition is set in the global state, and
delaying for specified wall-clock time (as in Grayscale’s approach).

5.2 Tool Evaluation

In the future, we plan to more formally evaluate Inboz’s expressiveness by author-
ing additional case study examples in Inbox and using quantitative code com-
plexity measures to compare equivalent implementations in tools like Twine and
Ink. Further, we plan to conduct a human subjects evaluation through a game
jam and subsequent developer survey.

6 Conclusion

In this paper, we defined a class of games called inbox games, citing several
examples and identifying poetic relations between form and function in these
games. We describe an implementation of a novel authoring language for inbox
games and demonstrate how it supports key formal elements of the genre.

Our analytical process identifies that the epistolary diagetic framing and use
of familiar digital interfaces lend themselves particularly well to ICIDS 2021’s
conference theme of [Re|Dis]Connection. Specifically, these games explore nar-
rative themes of digitally mediated intimacy, isolation, surveillance, and context
collapse. We posit that these narrative themes are especially relevant today in a
world of global (though inequitably distributed) internet connectivity and global
pandemic, and our work contributes an effort to support technical forms that
assist storytellers with adopting these themes more effectively.
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Abstract. Regret is an important emotion in narrative. It is often built
into backstories, influences character arcs, and motivates action. Regret
is also an important emotion for interactive stories. While linear nar-
ratives allow audiences to empathize with and understand characters
through their feelings of regret, an interactive context allows participants
to feel regret about their own actions and influence on events. A formal
model of regret will allow automated interactive storytellers to identify
and generate situations where characters, including the participant, feel
regret about an action or outcome. To this end, we introduce a formal
narrative planning-based model of regret based on character goals and
choice. Using our model, we show how character regret is identified in
the context of an example dilemma. Finally, we enumerate and discuss
types of regret the model has not yet formalized.

Keywords: Al planning - Formal models of narrative - Regret

1 Introduction

The feeling of regret is central to many different types of stories. For example,
remorse and regret of past choices or mistakes provides the background and
motivation to change for many characters in redemptive arcs, like Darth Vader
in the Star Wars [15] saga. Regret can also prompt non-redemptive character
growth, like Kevin McCallister in Home Alone [7] who comes to appreciate his
family after regretting a wish that they would disappear. Sometimes characters
feel a sense of loss and regret about an outcome even when they are happy with
and confident about their past choices, like Mia and Sebastian in La La Land [5].
In addition to empathizing with characters in linear stories, regret is amplified in
interactive narrative contexts where participants can regret their own actions and
influence on story events and outcomes [17]. A formal model of regret would allow
linear and interactive narrative systems to identify, reason about, and generate
situations that produce regret for narrative characters and human participants.
In this paper, we present a formal model of commissive character regret in the
context of explicit, discrete choices in plan-based narratives.
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Our model is based on narrative Al planning and identifies regret using char-
acter goals and choice actions. The plan-based choices our model uses have
explicit framings and outcomes. They also have a discrete number of choice
options. Psychological work has identified regret can arise through either action
or inaction that results in an unfavorable outcome [10]. Regret caused by an
action is called commissive and regret caused by inaction is called omissive. Our
model focuses on commissive regret, which is caused by the character’s past
actions. Regret arises from a counterfactual reasoning process that compares
the current situation to an alternate possible world where the reasoner took a
different past action and received a more favorable outcome. For example, a
commonly reported regret is not finishing college or graduate school [10]. To
identify this regret, the person reflects on the time in their life they stopped
pursuing education and imagines their life if they had instead continued. They
imagine the fulfillment or opportunities they would have and feel regret about
their decision to stop. Similarly, our model works by identifying when character
actions make a goal they have in the story world unachievable along with an
alternate possible world where the goal is achieved or still possible.

We begin by discussing related work in narrative planning, choice poetics,
and the study of regret. We then introduce our formalism and model mechanics.
We give an example of the mechanics using a dilemma based on the film La La
Land. Finally, we discuss situations in which characters may feel regret that are
not currently supported by our formalization.

2 Related Work

This section provides background on narrative planning, choice poetics, and non-
computational approaches to studying regret. We begin with narrative planning,
which is the computational paradigm our model is built in.

2.1 Narrative Planning

Al planning is a popular approach to computationally modeling and generating
linear and interactive narratives [39]. AI planners generate narratives by solving
a planning problem, which requires sequencing character actions from an initial
world representation to a conclusion provided by the problem author. However,
off-the-shelf planners have no ability to reason about narrative-specific struc-
tures [38] and can produce simplistic or counter-intuitive stories. Over the years,
work has focused on increasing the richness of plan-based narrative representa-
tions as well as making narrative planning systems more robust and efficient.
Much of the representation work has focused on allowing characters to act
believably and enriching how the generated narratives are told. Many plan-based
narrative systems focus on generating plot, which are the abstract events of
the story, or discourse, which is how the plot is communicated to an audience.
Representational advancements include modeling character plot-level goals and
intentions [22], modeling and generating plot and discourse-level suspense [1,9],
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sequencing discourse-level camera shots to convey plot [13], modelling conflict-
ing characters goals [34], personality [2], and character beliefs [6]. Work has also
been done to make narrative planning more efficient, moving from partial order
planning to off-the-shelf compilations [12], multi-agent planning [33], and heuris-
tic planning methods [36]. In this paper, we show how an intentional narrative
planning model can be further extended to identify commissive character regret.

In addition to linear narratives, our model could be applied to identifying
regret in real-world data sets and real-time participant regret in interactive nar-
rative systems. Symbolic narrative structures have been used to tell stories in
real-world domains [3,14,26]. Narrative planning and plan structures have also
been used for generating interactive stories [20,21,23,25,27,28,31,35] in a num-
ber of mediums [24,29,30,37]. Our plan-based model of regret could not only
help to create better narratives in these domains, but also serve as an aspect of
player modeling. Regret has been posed as an important aspect of user experi-
ence in interactive narrative domains as part of the study of narrative choices,
choice poetics.

2.2 Choice Poetics

Choice and action are how we come to understand characters in narratives. It
is especially important in interactive narratives where human participants help
shape the progress of events. A common type of choice is one that is explicit and
discrete, meaning the choice is clearly presented to a character with very specific
possible actions and outcomes. These choices can be defined as containing a
framing, options, and an outcome. A frame is the context or situation in which
the choice is made, the options are the possible actions the character can choose
between, and the outcome is the situation that results from the chosen action.
This choice structure is the basis for choice poetics [17,18], a formalization of
ways in which choices can have meaning for a player in an interactive story.
Choice poetics identifies regret as a dimension of player experience important
to players in a branching narrative. In this paper, we build a plan-based model
of character regret for explicit and discrete choices that could be applied to
system and human-controlled narrative characters. Additionally, choice poetics
has led to a number of empirical evaluations that test how choice structures
and outcomes impact player psychology [4,8,16]. Regret has also been studied
empirically by psychologists and a robust model of regret in narrative contexts
could be evaluated with human subject tests.

2.3 Regret

In psychology literature, regret is viewed as a “counterfactual emotion”. This
means regret arises from a comparison between a real-world outcome and a
counterfactual possible world where a more favorable outcome was reached [32].
Additionally, regret can be felt over the short or long-term and stems from acts
of omission or commission [11]. Omissive regret stems from actions never taken,
like never learning to speak a second language. Commissive regret from a taken
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action, like ordering a bad dish at a restaurant. In this paper, we establish a plan-
based model of commissive narrative character regret. Our model establishes
regret over a narrative interval by identifying a choice action, outcome, character
goal, and counterfactual outcome that produce commissive regret. We give a La
La Land example to show this process in the context of a particular type of
choice called a dilemma. A dilemma is a type of choice structure where each
choice option leads to an undesirable outcome for the character [16]. In the next
section, we introduce our plan-based model of regret.

3 Plan-Based Regret Model

In this section, we give a technical description of intentional narrative planning
and present our regret model. We begin by introducing planning, which serves as
our narrative world and action model. We give formal and detailed descriptions
of narrative planning mechanics as a base to build our regret model.

3.1 Intentional Planning

Intentional narrative planning [22] is similar to off-the-shelf AI planning, but
includes modifications that allow the planner to reason about character inten-
tions. As a result, intentional planners never add actions to the story unless they
are motivated by a character goal. Intentional planners use a first-order logic lan-
guage, similar to the Planning Domain Definition Language [19] (PDDL). PDDL
is a first-order logic language with constant symbols called objects, relation sym-
bols called predicates, and variable symbols. An intentional planning problem
is represented with the tuple IT = (Sy, G4, G, O) where Sy is a set of ground
atoms called the initial state, G, is a closed formula called the author goal, G, is
a set of ground atoms associated with story characters that represent character
goals, and O is a set of action operators. The initial state and operators form a
state machine of world configurations connected by possible character actions.

Definition 1. Initial State - A state is a snapshot of the story world at a par-
ticular time. The initial state, Sy, is a snapshot of the story world at the start
of the story. It is represented by a set of logical statements, called atoms, that
describe how the story world is configured.

Plans are a series of actions that transform the initial state into a goal state.
The goal allows a human author to specify how the generated narrative will end.

Definition 2. Author Goal - G, describes a set of state configurations where
the author wants the story to end. The planning problem is solved if a story
state is reached that satisfies the author’s goal specification.

In addition to the author goal, intentional planning allows individual story
characters to have, set, and work towards their own individual goals. These
character goals do not have to be achieved in order for an author goal to be
reached and the story to end.
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Definition 3. Character Goals - G, is a set of state literals indexed to story
characters that describe aspects of the story world state that different characters
want to be true or false.

Finally, characters can act in the story world and change the state by taking
actions described by operators. Each operator o = (l,, po, €0,¢o) € O consists
of a unique name or label [, a conjunctive set of first-order literal preconditions
p, a conjunctive set of first-order literal effects e, and a set of characters that
must consent to the action being taken. The set of free variables that occur in
an operator’s preconditions and effects are called the operator’s parameters.

Definition 4. Action Operators - O is a set of templates used by characters to
take action and change the story world. If an action’s preconditions p, are true
in a state, the action can be taken by a character. When an action is taken, a
new state is created by making the action’s effects e, true.

In order for actions to be performed by story characters, operators with
parameters must first be grounded by substituting concrete objects, which rep-
resent story world characters, things, and locations, for operator parameters.
A series of grounded actions is a trajectory through the narrative world state
machine that is called a world history.

Definition 5. World History - h, is a series of story character actions and
resulting states that leads from the initial state Sy to the current state s,. This
represents everything done in the story world from the start of the story to a
particular state. The length, n, of the history corresponds to how many actions
it contains. A world history leads to a current state, s,, which is the nth and
final state in the trajectory.

Next, we define aspects of the model needed to identify commission-based
character regret in the context of intentional narrative plans using counterfactual
reasoning and character goals.

3.2 Regret Model

Character goals allow intentional planners to restrict narrative plans to only
contain actions that are motivated by something the character wants to happen
in the world. They are useful for ruling out possible stories where characters act
against their own interests. However, not all character goals have to be achieved
in order for an author goal to be satisfied and the narrative planning problem to
be solved. This aspect of intentional planning, along with counterfactual possible
worlds reasoning, is used to plan for narrative conflict between characters [36].
Here, we use character goals and counterfactual reasoning to identify situations
where characters will feel commissive regret. It begins by identifying when a
character action leads to a portion of the narrative state space where one of
their goals becomes inaccessible.
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Definition 6. Accessibility - A literal is accessible from a given state s if a
sequence of character actions exists that can make the literal true. Conversely,
a literal is inaccessible from state s if no possible sequence of character actions
can make the literal true.

A character ¢ will feel commission-based regret with regard to one of their
character goals ¢ if a choice they make leads to g becoming inaccessible when it
otherwise would remain accessible or be fulfilled. For this to happen, there must
be an inciting action and an alternate action that leads to an alternate possible
world where g is still accessible or true.

Definition 7. Inciting Action - An inciting action a for character ¢ to feel com-
mission regret about character goal g is one such that g is accessible from every
state before a in the world history but inaccessible from every state after a.

An inciting action is the decision made that directly makes a desired outcome
inaccessible in the future. For this action to be part of a choice, there must also
be an alternate action where the goal remains accessible.

Definition 8. Alternate Action - Given an inciting action a performed in state
s by character ¢ that produces commission regret about character goal g, there
must be an alternate action a* that is also enabled for ¢ in s. To be an alternate
action, a® must produce an alternate possible world where g remains accessible.

This alternate action produces an alternate possible world where the charac-
ter’s goal can still be achieved or is true.

Definition 9. Alternate Possible World - Given a world history h,, that leads
to a state s,,, an alternate possible world s} is a state reached by a world history
hy, of the same length as h,,, starting from the same initial state Sy, and using
actions from the same operator set O.

This alternate possible world provides the counterfactual evidence needed to
produce the feeling of regret. Together, we can now identify a class of explicit,
discrete choices that produce commission-based regret with respect to a partic-
ular character goal due to the character’s choice making the goal irrevocably
unachievable.

Definition 10. Commission-Based Regret Choice - A choice produces commis-
sive regret for character ¢ with respect to a character goal ¢ in any state following
s; in a world history h,, if there exists an inciting action a; € h,, performed by
c where g is accessible in every state before s; but is inaccessible in every state
after s;. Additionally, there must exist an alternate action a} that c¢ could have
taken in s; to produce alternate possible history h) such that g is accessible or
achieved in every state s € h.
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This type of choice will create commission-based regret for character ¢ with
respect to their goal g in every state after s;, because their goal will never become
true as a result of the action a;. Additionally, there is at least one alternative
action ¢ could have taken in state s; to keep their goal g accessible in the future.
In the next section we illustrate these mechanics with an example dilemma based
on the film La La Land.

4 Example

To illustrate our model we use an example dilemma from the film La La Land [5].
The film is in Los Angeles and is about an unlikely relationship between an
aspiring actress, Mia, and jazz pianist, Sebastian. At the start of the film, Mia
is struggling to begin her career while Sebastian dreams of owning his own jazz
club. Near the end of the story, Mia is offered a breakout acting role in Paris.
Sebastian encourages her to follow her dream while he works to build his jazz
club. The two pursue and ultimately attain their dream careers, but lose touch
with one another in the process. For our purposes, we will treat this situation
as an explicit dilemma for Mia, with a choice between pursuing a career on her
own or staying with Sebastian. A dilemma is a type of choice structure where
each option leads to an undesirable outcome for the character [16]. No matter
what Mia chooses, she has one positive and one negative outcome. Pursuing her
career has the explicit outcome of not ending up with Sebastian and staying
together has the outcome of not attaining her dream career. Either Mia finishes
the story with her relationship with Sebastian or her career, but not both.

Initial State Action Effects Author’s Goals
= Mia and Sebastian
~ Pursue Career are n'ot together. O Story Resolved
. . R = Miais a successful
= Mia and Sebastian ’,’ actress.
are together. ! s = Story resolved.
~, )
* Miahasajoboffer | S~ Mia’s Character Goals
in Paris. ~\s\ = Mia hasno job
| offer. O With Sebastian
Stay Together = Story resolved. O Successful Actress

Fig. 1. A formalization of Mia’s dilemma.

4.1 Setup

We use a simple planning problem to characterize the example dilemma. The
problem begins with an initial state where Mia and Sebastian are together in
Los Angeles and Mia has a job offer in Paris. A lone choice exists from the initial
state. Mia chooses to either stay together or pursue her career. As a result of
staying in the relationship, Mia will be with Sebastian but will not become a
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successful actress. As a result of pursuing her career, Mia will be a successful
actress but will not be with Sebastian. Figure 1 illustrates the dilemma setup.
It shows the initial state, the two possible actions and their effects, the author’s
goal, and Mia’s two character goals.

4.2 Result

No matter what Mia decides, our model predicts she will experience regret with
respect to one of her character goals. If Mia chooses to stay in the relationship she
will not be a successful actress, so staying in the relationship is an inciting action.
Additionally, there is an alternate action where she pursues her career which
produces an alternate possible world where she becomes a successful actress.
Our model identifies that Mia will regret not becoming a successful actress with
respect to her decision to stay in the relationship. Conversely, if Mia chooses to
pursue her career she will not be with Sebastian, so pursuing her career is an
inciting action. Additionally, there is an alternate action where she stays in the
relationship which produces the outcome the she and Sebastian are still together.
Our model identifies that Mia will regret not being with Sebastian with respect
to her decision to pursue her career. This outcome is illustrated in Fig. 2.

Initial State

= Mia and Sebastian
are together.

Pursue Career

e

Action Effects

Mia and Sebastian
are not together.

= Miais a successful

actress.
Story resolved.

Author’s Goals

v’ Story Resolved

Mia’s Character Goals

= Mia has a job offer
in Paris.

O With Sebastian
v’ Successful Actress

Fig. 2. The outcome of Mia’s choice to pursue her career. In this case, Pursue Career
becomes the inciting action with regard to Mia and Sebastian being together and Stay
Together is an alternate action where the goal remains accessible. Fulfilled goals are
indicated with a check-mark while unsatisfied goals are indicated with an empty box.

5 Conclusion

In this paper, we present a plan-based model of regret. This model identifies
commission-based narrative structures that produce feelings of regret in the con-
text of discrete, explicit choice structures. Regret is an important aspect of the
human condition and factors into many narratives, especially as a motivator for
character arcs and change, so the ability to systematically identify when char-
acters feel regret about their decisions and narrative outcomes is an important
step towards a larger, more complete formal model of narrative.
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Abstract. There is an increasing demand for rapid content filtering in relation
to topics like digital forensics for legal cases, cybersecurity, and social media
conduct monitoring. While there have been significant advances in algorithms
and frameworks for media processing, this task requires an ensemble of tools
and algorithms that are not well-understood by human analysts, thereby reducing
their trustworthiness. In this paper, we present a novel perspective on this prob-
lem through the development of an intelligent system that generates reports from
large email datasets in the form of short stories. The stories generated by the sys-
tem are based on identifiable plot structures in popular media. These structures
are used as semantic sensemaking templates to organize data for further filtering
and triage. The end-to-end system, accessible through an interactive dashboard,
incorporates unsupervised annotation modules (such as speech acts and senti-
ment), topic discovery, communication network analysis, character personality
profiles, and automated text and visualization generators. This emerging applica-
tion prototype is developed and internally deployed in collaboration with analysts
and researchers actively working in this area.

1 Introduction

Large amounts of data are currently being produced and stored relating to all aspects
of our daily lives. By some estimates, we generate around 2.5 quintillion bytes of data
daily spread over social media platforms. This wealth of data is often of great interest
to analysts and researchers working on digital forensics in cases where there is data
associated with legal cases. The size and scope of data analysis makes this a challenging
tasks for analysts working within our legal system. This challenge is intensified further
due to the variety of tools that need to be incorporated into the analysis process and their
outputs need to be presented in interpretable and verifiable reports for non-experts. For
this task analysts need to effectively filter and triage data in order to ensure that retrieve
relevant data and are able to succinctly present their analysis results.

In legal cases pertaining to corporate malfeasance, public attorneys and investiga-
tors need to work with analysts to triage through large numbers of communications
such as email, chat messages, and social media messages to look for evidence. For this
task, analysts and researchers develop workflows that incorporate available computa-
tional tools to effectively sort through this data. Further, they need to then document
and create summary reports for further discussion, integration of segments assigned to
multiple analysts, and generation of reports for final outcomes of the investigation [17].
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As part of evaluating and building this system we worked extensively with a team
comprised of two analysts and two scientists specializing in research supporting ana-
lysts. We worked with them for over a year in an iterative development process. Anal-
ysis of large datasets where there is not a clear target is an iterative process [22]. This
is usually characterized by transitions between high-level exploration followed by a
deeper look into elements of interest. This process iteratively leads to more specific
filters along different dimensions. For instance, an analyst may want to look at the
frequency of emails about a particular topic over time as a temporal chart. Then they
identify peaks or valleys in the chart and focus on patterns of email within the month in
the neighborhood of these features. Even after this step, they end up with several hun-
dred emails to analyze. From here they could filter by emails that only include senders
or receivers at the upper-management level or based on other meta-data such as emails
that include attachments. Eventually, the process leads to one or a chain of emails of
interest that leads them through the process of discovery of relevant content to their
investigation. Finally, they generate a multi-modal (text+charts) report that summarizes
their exploration and presents items or patterns of interest with justifications for them.

Analysis Report
Stage Stage

Topic Detection

| Report Generation

Email - Parsing & Annotation . Filtering \ % Narrative Templates e

Source Social Network
Analysis

Fig. 1. A pipeline for the storytelling with data paradigm from emails sources.

This paper describes two contributions with respect to Al support for analysts. First,
we describe the integration of a pipeline (see Fig. 1) of established Al tools and algo-
rithms in the workflow for analysts. Second, we present a novel idea for automatically
filtering data and generating reports that are constructed with narrative frames that are
instantiated based on constraints satisfied by trends and relationships in the underlying
data. These narrative frames encode a number of recognizable data patterns that can be
presented as stories from the dataset.

We tested our system on both the Enron [12] dataset (about 500K emails) and the
Avocado Research Email Collection (closer to 1M emails) [16]. The Enron scandal
[18] was a well-known corporate collapse with corresponding investigation. Avocado
was an information technology software and services firm developing products for the
mobile internet market, operating from the late 1990s to the middle of the first decade
of the 21st century. We used this collection extensively in our work with analysts but
the license prohibits most sharing of information about the dataset.

Our system uses an assortment of existing NLP and social network analysis tech-
niques to analyze our email datasets. The key dynamic we are seeking to capture is the
relationship between users over time. This will allow us to identify patterns of change
that correspond to narrative patterns that we can exploit later. We parse the dataset and
store as a directed hyper-graph where nodes are email addresses and edges are mes-
sages. There are other representations that afford better performance depending on the
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desired metric [7], but in terms of application to narrative patterns we leave this to fur-
ther research. There are many topics of discussion in a large organization. An important
filter for emails in this dataset is based on relevance of messages and message threads
by topics. For topic modeling we use Latent Dirichlet Analysis (LDA) [4]. We further
extend the LDA model used in this paper, following the work of TIARA [13], to com-
pute topic strength over time. This allows analysts to filter emails based on topic across
different time frames through an interactive interface. For social network analysis, we
use graph based measures over the graph of all email address units in the dataset. These
include in/out degree and proximity prestige, where these different measures offer dif-
ferent views of the social network [21].

2 Related Work

This work builds on a basis of natural language processing and social network analysis
algorithms. These are rich areas of research. We present a system for using currently
popular techniques and algorithms to generate automated reports. The field of auto-
mated email analysis includes interactive systems like TIARA [13]. TIARA develops
a few novel measures for topic strength and ranking, but also allows a user to inter-
act with several interactive visualizations. It does not however, contain any automated
reporting capabilities. Bardic [2] is an interactive tool for analyzing video game relays.
Similar to TIARA, it provides a number of interactive visualizations, but most relevant
to this work it attempts to find and present narrative patterns from the replay data. The
approach is similar in that it uses a decomposition planner to match and apply narrative
templates. Unlike Bardic, we externally solve for story patterns then use the planner to
exclusively solve the corresponding presentation plan. Sultan et al. [11] use a hierar-
chical deep-learning approach to automatically generate narrative captions for images.
Battad and Si [3] also do co-generate of visual plots and narrative captions. Our work is
more expansive than either because we do co-generation of complete narrative reports
with multiple visual artefacts (as see in Fig. 3).

Vesanto and Hollmén [19] consider the processes of data mining in general, and
present an automated system for the generation of preliminary reports. This phase is
meant to be followed by interactive analysis. It takes a similar approach in that it begins
by generating a number of standard measures over a target data source and presents that
information alongside visualizations. The intent of this report is to enable a data miner
to further explore and thus is about getting a general understanding of the data source.

Erete et al. [8] examine the use of storytelling by non-profit organizations. NPOs
use narratives to help engage stakeholders promote causes. McKenna et al. [14] did
a user study on popular data-driven narratives on the web to determine the effect of
different visual encodings. Traditional timelines used for data may not fit ideally with
storytelling approaches. Brehmer et al. [6] consider this question and explore the addi-
tional dimensions that can be explore in narrative. We find this relevant to our work
because we present a timeline in our narrative templates based upon detected inflec-
tions points in data that we use an story inflection points. An interesting contemporary
system is DataShot [20]. Given a tabular data source, the system automatically gener-
ates a fact sheet using a number of visual techniques. While we use email data, both
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systems attempt to create engaging visual artefacts. DataShot does not attempt to create
reports however, or use storytelling techniques.

3 Identifying Story Elements for Narrative Frames

We provide a representation of narrative patterns in this work with templates that
include variables bound through constrained queries to the annotated dataset. First we
discuss how to identify these patterns (content selection) and then how to present it
(content presentation). Here each narrative pattern has both a recognizable visual pat-
tern in data and a rhetorical strategy for presentation. The key elements in a story are
the setting, characters, plot, and resolution state or outcome. We can define the setting
in this work as a temporal interval of interest given by the analyst. We define characters
as email accounts along with their personalities (features such as verbosity, sentiment,
influence, etc.). Finally we have a representation of basic plot patterns in Table 1.

We want to identify people who have influence over topics, groups of people, events,
email volume, and others. We can compute these measures by combining topics and
social graphs. We also want to compute relationships, this is primarily achieved by
looking at email volume between small sets (e.g., pairs, triples, clusters). We use an
annotation scheme similar to Battad et al. [3] to represent numeric measures. This
involves identifying minima/maxima of a given measure over time. This corresponds
to the visual features of a measure when plotted [10] and we show how these correlated
to narrative patterns. These local minima/maxima are annotated with local intervals.
Patterns then are describe as constraints over these descriptors. To communicate these
patterns using stories, we then look at how they evolve over time. Note that even if the
measures do not change, we can still potentially match against common tropes. Patterns
can also be applied at varying scales. For instance, to introduce a person into a report we
could use the rags to riches pattern (more details below). Alternatively, we could use
the same pattern over the entire report to focus on a particular persons gain in influence
over the entire time period in question.

Each pattern in this work focuses on an individual or set of people as the “main
characters” of the story. The patterns also include aspects related to typical story pro-
gression. These include the following (in order) which should correspond to inflection
points in the data, namely, Anticipation, Dream, Frustration, Nightmare, and Resolution
[5]. These patterns were developed in conjunction with our analyst partners and can
be applied not only automatically by the system, but can also be directed by the user
interactively. For instance, if while doing a deep-dive a user decides they want more
information about a particular entity, they can explicitly search for applicable patterns.

3.1 A Selection of Patterns

Now we present a selection of hybrid narrative/data patterns for use in our report gen-
eration. These are not meant to be exhaustive but ones that are easily identifiable and
relevant to the patterns in our dataset. The representation of stories is in terms of tem-
plates with rules that are based on statistical properties of the underlying data. These
templates can be nested. Our representation is inspired from early storytelling systems
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such as James Meehan’s Tale-Spin [15] that incorporated a set of heuristic rules over a
knowledge base of predicates about the world to create sequences of actions for char-
acters based on logical inference over STRIPS-style operators [9].

For instance, the rags to riches pattern discussed later can be used to frame a entire
report as one person gaining influence, or to introduce a communicative partner. The
system reasons over these templates to ensure that all parties discussed are properly
introduced. The sample patterns are named for their narrative counterparts. Five of the
patters are described below with the corresponding rules presented in Table 1.

Table 1. Details of narrative templates. Here “Person” refers to any email addresses with email
volume above a given threshold. A “relative set” is one or more other email addresses above
the same threshold. A measure f is either message volume (total or by topic) or an influence
proxy. “Introduce”, “Visualize”, “Highlight”, and “Contrast” correspond to presentation plans.
The constraints correspond directly to visuals that will be inserted into the final reports and the

presentation plans are partial plans to be solved by the discourse planner.

Pattern name | Parameters Constraints Presentation Plan
Rags to riches | Person p to < tmax < tmin < te Introduce p, r, f
Measure f fp < avg(fr) overtg Visualize fp, with avg(fr)

Relative Set
Intervals tg, tmax,

tmin, te

tmaz contains a local maxima
tmin contains a local minima
fp > avg(fr) overte

Highlight f, < avg(f) overtg
Foreshadow f, > avg(fr) over te
Highlight local maxima ¢y, ¢ 2
Highlight local minima ¢y, ¢
Highlight f;, > avg(fr) overte

Fall from grace | Person p

Measure f

Relative Set r
Intervals g, tyin

to < tmin < tmaz < te
fp > avg(fr) overtg
tmin contains a local minima

tmazx contains a local maxima

Introduce p, f

Visualize fp, with avg(fr)
Highlight f;, > avg(f;) over tg
Foreshadow f, < avg(fr) overte

tmazx, te fp < avg(fr)overte Highlight local minima ¢, ; ,
Highlight local maxima ¢4, q 2
Highlight f, < avg(f)overte
Best buddies Person a to < tmazx < tmin < te Introduce a, b, f
Person b fa,b < avg(fa,p)overto Visualize fq 5 With avg(fqa. p)
Measure f tmae contains a local maxima Highlight f, ;, < avg(fa,p) over to

Intervals tg, tmax,

tmin, te

tmin contains a local minima
fa,b > avg(fa,p) over te

Foreshadow f;, > avg(f) over te
Highlight local maxima ¢4, q 2

Highlight local minima ¢,,, 5,

Highlight f, ;, > avg(fa,b) overte

Person a
Person b
Measure f

Intervals tg, tyy i,

Falling out

to < tmin < tmaz < te
fa,b > avg(fa,b) overto
tmin contains a local minima

tmax contains a local maxima

Introduce a, b, f

Visualize f, 3 with avg(fq p)
Highlight f, 1, > avg(fa ) overto
Foreshadow f;, < avg(f) overte

tmaz) te fa,p < avg(fa,p)overte Highlight local minima t,,, 3,
Highlight local maxima ¢y, g &
Highlight f, ; < avg(fa,b) overte
Juxtaposition | Person a a,r, fita,0,ta,mazx;sta,min,ta,e |Introducea,b,r, f
Person b satisfy rags to riches Visualize fq & fp, with avg(fr)

Relative Set r
Measure f
Intervals
ta,0,ta,max,
ta,7nin7 ta,e
t5,05 tb,min,

tb.mazvtb,e

b, 7, fitb,05 tb,min> th,max> tb,e
satisfy fall from grace

Highlight fo < avg(fr)overtq o

— Contrast f, > avg(fr) over tb, 0
Foreshadow foq > avg(fr)overtqy e
Foreshadow f;, < avg(fr)overty o
Highlight local maxima ¢4, maq

— Contrast local minima tp, y in e
Highlight local minima ¢4y in

— Contrast local maxima tp a2
Highlight fq > avg(fr)overtg e

- Contrast fj, > avg(fr)overtq e
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Rags to Riches. We identify a user who along any of several metrics (topic influ-
ence, email volume, etc.) shows a dramatic increase. This corresponds to the differ-
ence between the user’s least and most active periods. We also need to identify at least
one inflection point where their influence reaches a relative maximum, followed by a
relative minimum, followed by another increase. Next we foreshadow their eventual
success in text, followed by a visual representation showing increase from the